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1.0  INTRODUCTION 


1.1  Overview 

The  U.S.  Army  Corps  of  Engineers  (US ACE)  Walla  WaUa  and  Portland  Districts  have 
developed  a  program  for  surface  bypass  and  collection  system  (SBCS)  prototypes  for  improving 
surviv^  of  juvenile  salmon  migrating  past  Corps  Lower  Snake  and  Columbia  Rivers 
hydroelectric  projects.  New  surface  bypass  and  collection  systems  that  can  safely  bypass  fish 
with  considerably  less  spiU  than  that  currently  used,  could  be  designed  to  optimize  fish  passage 
while  at  the  same  time  minimizing  both  dissolved  gas  related  problems  and  lost  power  revenues. 

Prototype  SBCS  designs  (using  existing/new  concepts  and  utilizing  fish  behavior  to  accentuate 
system  performance)  are  being  identified,  evaluated  and  tested.  Results  from  ongoing  baseline 
data  collection  and  secondary  studies  at  these  and  other  projects  will  allow  for  rapid 
implementation  of  SBCS’s  at  other  Corps  dams,  if  justified  by  prototype  test  results. 

Water  flowing  into  a  surface  bypass  and  collection  system,  located  upstream  of  existing  turbine 
intakes  and/or  spillways,  wiU  provide  migrating  juvenile  fish  with  another  passage  route  around 
the  dam.  It  is  hoped  that  a  SBCS  in  the  forebay  will  take  advantage  of  the  behavioral  tendencies 
of  juvenile  fish  to  swim  in  the  upper  levels  of  the  reservoir  pool.  Surface  collector  and  bypass 
prototype  designs,  based  on  project  specific  fish  behavior  and  river  hydraulic  characteristics,  wiU 
be  developed  assuming  the  system  must  have  the  capabilities  to  either  directly  bypass  fish  past 
the  dams  for  in-river  migration  or  directing  fish  to  conventional  holding/loading  facilities  for 
transport  by  truck  and  barge  to  a  location  below  Bonneville  Dam  on  the  Columbia  River. 
SBCS’s  could  be  operated  independently  or  in  combination  with  the  existing  collection  systems. 

The  USAGE  Walla  Walla  District  (NPW)  District  is  developing  a  juvenile  fish  SBCS  prototype 
at  Lower  Granite  Dam  on  the  Lower  Snake  River,  Washington  State.  Lower  Granite  Dam  is 
prioritized  because  it  is  at  the  beginning  of  the  river  system,  where  it  passes  a  large  number  of 
juvenile  salmon,  and  because  of  concern  for  stocks  listed  as  endangered  under  the  Endangered 
Species  Act.  The  NPW  is  currently  preparing  designs  for  the  prototype  collection  structures  that 
are  to  be  constructed  and  in  operation  for  slot  testing  in  the  spring  of  1996.  The  dewatering 
system  component  of  the  SBCS  prototype  at  Lower  Granite  Dam  is  scheduled  to  be  in  operation 
in  the  spring  of  1997.  Stone  &  Webster  Bigineering  Corporation  has  been  retained  to  assist  the 
NPW  District  in  the  preparation  of  designs  for  the  Lower  Granite  SBCS  prototype  dewatering 
system. 


1.2  Purpose 

The  purposes  of  this  study  were:  1)  perform  full  investigations  of  the  Lower  Snake  and 
Columbia  River  project’ s  existing  juvenile  fish  facilities  to  determine  baseline  design,  operational 
and  maintenance  parameters;  2)  identify  dewatering  systems  that  may  apply  to  the  SBCS;  and 
3)  develop  design  criteria  for  dewatering  system  alternatives.  The  scope  of  work  performed  for 
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this  study  was  as  follows: 

•  Task  1  -  Develop  a  questionnaire  that  focuses  on  the  dewatering  systems  being  used  at 
the  Snake  and  Columbia  River  projects  with  the  intent  to  obtain  information  from  fish 
facility  designers  and  operators  on  dewatering  system  design,  operation  and  maintenance 
and  reliability  concerns. 

•  Task  2  -  Inspect  existing  NPW  projects  fish  collection  and  bypass  facilities  in  an  un¬ 
watered  state  and  talk  to  the  operators  about  design,  operation  and  maintenance  and 
reliability  concerns. 

•  Task  3  -  Prepare  a  written  summary  of  the  A/E’s  observations,  results  of  the  Task  1 
questionnaire  responses  and  Task  2  site  inspections.  The  summary  should  include  a 
description  of  each  project,  methods  employed  for  collection,  bypassing  and  dewatering, 
maintenance  and  operational  concerns. 

•  Task  4  -  Perform  a  literature  search  of  the  latest  information  relating  to  dewatering 
system  research  and  development.  The  search  should  involve:  contacting  Pacific 
Northwest  Fish  Agencies,  Utilities,  other  A/E  firms,  Canadian  projects  and  the  Corps 
of  Engineers  Portland  District;  and  researching  professional  technical  literature  and 
technical  society  resources. 

•  Task  5  -  Inspect  existing  NPW  projects  fish  collection  and  bypass  facilities  in  an 
operational  state  and  talk  to  the  operators  about  design,  operation  and  maintenance  and 
reliability  concerns.  Inspect  non-NPW  projects  fish  collection  and  bypass  facilities  in  an 
operational  state  to  identify  what  others  are  using  for  fish  protection. 

•  Task  6  -  Prepare  a  Functional  Design  Criteria  (FDC)  for  dewatering  systems  which  will: 
identify  dewatering  systems  that  may  have  application  in  the  surface  bypass  and 
collection  system  and  develop  a  database  of  information  such  that  depending  upon  the 
specific  application,  a  dewatering  system  can  be  identified  from  the  FDC  that  would  be 
suitable  for  that  application. 

1.3  Authorization 

This  study  was  authorized  by  Delivery  Order  No.  2,  Contract  No.  DACW68-94-D-0008  between 

Stone  &  Webster  Engineering  Corporation  (SWEC)  and  the  U.S.  Army  Corps  of  Engineers 

(US  ACE)  WaUa  Walla  District  (NPW).  The  US  ACE  delivery  order  was  issued  on  February  24, 

1995  and  modified  on  March  20,  1995. 
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2.0  PROJECT  DESCRIPTIONS  AND  FIELD  INVESTIGATION  FINDINGS 


2.1  Lower  Granite  Lock  and  Dam 
General  Project  Description 

Lower  Granite  Lock  and  Dam  is  located  37  river  miles  upstream  of  Little  Goose  Lock  and  Dam 
at  Snake  River  mile  107  near  Pullman,  Washington.  The  dam  crest  is  approximately  3,200  feet 
long  consisting  of  a  fish  ladder  on  the  left  abutment,  a  656-foot  long  powerhouse,  a  512-foot 
long  gated  spillway,  an  86-foot  wide  navigation  lock,  and  an  embankment  section  that  extends 
from  the  navigation  lock  to  the  right  abutment.  The  powerhouse  contains  six  generators  with 
total  rated  generating  capacity  of  810  megawatts  (MW). 

Lower  Granite  Lake  is  impounded  by  the  dam  extending  39  miles  upstream  with  a  surface  area 
of  8,900  acres.  The  normal  operating  headwater  pool  varies  between  elevation  733  feet 
(minimum)  and  elevation  738  feet  (maximum).  The  normal  operating  tailwater  pool  varies 
between  elevation  633  feet  (minimum)  and  elevation  645  feet  (maximum).  Average  Snake  River 
flow  at  Lower  Granite  Lock  and  Dam  is  about  50,000  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Lower  Granite  is  unique  since  it  was  the  only  facility  on  the  Lower  Snake  River  to  incorporate 
juvenile  fish  passage  into  the  design.  The  original  design  incorporated  a  gatewell  upstream  of 
the  collection  channel  for  the  submerged  traveling  screens.  Orifices  were  oriented  to  pass  fish 
from  the  upstream  gatewell  to  the  downstream  collection  channel.  The  submerged  traveling 
screens  are  currently  used  in  the  gatewell  downstream  of  the  collection  channel  which  was  found 
to  provide  higher  fish  guidance  efficiency.  The  upstream  gatewells  are  being  fitted  with  plugs 
for  the  ‘95  season. 

Lower  Granite  has  a  trashboom  in  the  forebay  which  extends  from  the  North  end  of  the 
powerhouse  diagonally  upstream  to  the  South  bank.  The  trashboom  routes  surface  trash  to  the 
spillway  area. 

Juvenile  fish  approach  the  dam  at  various  depths  in  the  forebay,  they  follow  the  flow  down  into 
the  turbine  intakes  and  are  diverted  up  into  the  gatewells  by  submerged  screens.  Juvenile  fish 
entering  the  gatewell  are  discharged  to  the  collection  channel  through  tube-type  orifices. 

The  collection  channel  runs  the  full  length  of  the  powerhouse  from  north  to  south.  The 
collection  channel  transitions  to  a  flume  which  routes  the  fish  and  water  to  a  vertical  chamber. 
The  vertical  chamber  transitions  into  a  pressurized  conduit  which  is  routed  underground  for 
approximately  1/4  mile  and  upwells  at  the  dewatering  screens  directly  upstream  of  the  holding 
facilities.  The  primary  dewatering  screens  reduce  the  flow  from  200  -  250  cfs  to  30  -  40  cfs. 


2-1 


The  pressurized  transportation  conduit  from  the  collection  channel  to  the  dewatering  facilities 
results  in  reported  increased  stress  levels  on  fish.  Although  mortality  is  not  substantially  higher 
at  Lower  Granite,  stress  appears  to  be  greater,  probably  as  a  result  of  pressure  changes  and 
disorientation. 

Dewatering  Systems 

Primary  dewatering  is  through  the  floor  dewatering  screen  immediately  downstream  of  the 
upwell.  The  rectangular  floor  screen  section  is  made  up  of  steel  grating  covered  with  wire 
mesh.  The  wire  mesh  is  8x8  (8  wires  per  inch  each  direction)  stainless  steel  square  mesh  wire 
with  a  gross  area  of  256  square  feet.  Design  flows  through  the  dewatering  screens  range  up  to 
210  cfs. 

Secondary  dewatering  occurs  immediately  downstream  of  the  primary  dewatering  system.  The 
rectangular  floor  screen  section  is  made  up  of  82-inch  long  by  10  feet  wide,  1/8-inch  thick 
perforated  plate  with  staggered  1/4-inch  holes  on  3/8-mch  centers.  Flow  in  controlled  by  15 
gates  located  1.0  foot  below  the  perforated  plate.  Secondary  dewatering  is  used  to  more  closely 
regulate  the  flow  entering  the  separator. 

Trash  is  a  concern  at  the  project  since  it  clogs  orifices  and  dewatering  screens.  Debris 
commonly  consists  of  sticks,  algae,  leaves  and  wheat  chaff.  Dewatering  screens  typically  consist 
of  wire  mesh  and  perforated  plate  and  are  highly  suscqptible  to  clogging  by  leaves  and  wheat 
chaff.  Debris  is  removed  from  the  dewatering  screens  by  hand. 

Emergency  Fish  Bypass  System 

The  emergency  fish  bypass  system  is  incorporated  in  the  upwell  to  the  dewatering  system.  The 
system  bypasses  fish  in  the  upweU  by  means  of  a  5.5-foot  diameter  pipe  controlled  by  a  slide 
gate.  The  slide  gate  opening  transitions  to  a  5.5-foot  diameter  pipe,  then  transitions  to  a  3.5-foot 
diameter  pipe  and  is  routed  to  the  river.  The  slide  gate  is  opened  to  route  juvenile  fish  into  the 
river  in  the  event  that  either  the  dewatering  system  or  the  holding  facilities  are  inoperable. 

Fish  Transportation  System 

Fish  and  transportation  water  leaving  the  collection  chaimel  transitions  to  a  flume  which  routes 
the  fish  and  water  to  a  6.0-foot  by  15.0-foot  vertical  chamber.  The  vertical  chamber  transitions 
into  a  42-inch  diameter  pressurized  conduit.  The  conduit  drops  at  a  slope  of  34%  for 
approximately  110  feet  and  then  drops  at  a  slope  of  20%  for  about  80  feet.  It  then  mns 
approximately  1/4  mile  underground  and  upweUs  at  the  dewatering  screens  directly  upstream  of 
the  holding  facilities. 
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Site  Visit  Observations  and  Findin2S 

The  following  site  visit  observations  and  findings  are  based  on  SWEC’s  observations  while 
visiting  the  site  and  interviews  with  project  personnel.  The  magnitude  of  concern  made  in  the 
following  comments  are  subjective  and  are  provided  to  give  additional  insight  into  system  design 
and  operation. 

Off-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  Current  dewatering  screens  are  wire  mesh  and  perforated  screen.  Screen  lengths  are 
short  for  amount  of  flow,  impingement  velocities  may  be  too  high. 

On-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  The  dewatering  system  operated  smoothly  with  no  reported  maintenance  problems. 
Attributes  and  General  Comments  with  the  Current  Systems 

•  Overall  system  works  well,  maintenance  items  are  labor  intensive. 
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LOWER  GRANITE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


Floating  trash 
boom  extending 
from  left  bank  to 
first  spillway 
bay.  Powerhouse 
to  left  of  trash 
boom. 


Knife  gate  and  operator  to  control  gatewell 
orifices. 


LOWER  GRANITE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 
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III 


Upwell  from  underground  fish 
transportation  conduit  (pressurized)  behind 
operator  booth.  Floor  screen  (wire  mesh) 
below  operator  booth  with  fish  sorting 
facilities  in  foreground.  Emergency  bypass 
sluice  gate  on  sidewall  of  upwell  in 
background. 
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Primary 
dewatering  in 
background  with 
wire  mesh  over 
steel  grating. 
Secondary 
dewatering  in 
foreground  with 
perforated  plate. 
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LOWER  GRANITE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


Upstream  view  of  bypass  discharge  from  upwell,  passing  through  primary 
and  secondary  dewatering  systems,  and  entering  fish  separator  in  lower 

portion  of  photo. 


LOWER  GRANITE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


Bypass  discharge  entering  fish  separator  after  passing 
over  secondary  dewatering  screens  (lower  right). 


Juvenile  fish  transportation  barge  being  loaded  through  pipes  in 
lower  left  of  photo.  Tug  boat  to  transport  barge  in  left  of  photo. 


2.2  Little  C^ose  Lock  and  Dam 


General  Project  Description 

Little  Goose  Lock  and  Dam  is  located  28  river  miles  upstream  of  Lower  Monumental  Lock  and 
Dam  at  Snake  River  mile  70  near  Starbuck,  Washington.  The  dam  crest  is  approximately  2,655 
feet  in  length  consisting  of  an  84-foot  wide  navigation  lock  on  the  left  abutment,  a  fish  ladder, 
a  656-foot  long  powerhouse,  a  512-foot  long  gated  spillway,  and  an  embankment  section  that 
extends  from  the  spillway  to  the  right  abutment.  The  powerhouse  contains  six  generators  with 
a  total  rated  generating  capacity  of  810  megawatts  (MW). 

Lake  Bryan  is  impounded  by  the  dam  extending  37  miles  upstream  with  a  surface  area  of  10,025 
acres.  The  normal  operating  headwater  pool  varies  between  elevation  633  feet  (minimum)  and 
elevation  638  feet  (maximum).  The  normal  operating  tailwater  pool  varies  between  elevation 
537  feet  (minimum)  and  elevation  544  feet  (maximum).  Average  Snake  River  flow  at  Little 
Goose  Lock  and  Dam  is  about  50, (XK)  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Juvenile  fish  approach  the  dam  at  various  depths  in  the  forebay,  they  follow  the  flow  down  into 
the  turbine  intakes  and  are  diverted  up  into  the  gateweUs  by  submerged  screens.  Juvenile  fish 
entering  the  gatewell  are  discharged  to  the  collection  channel  through  tube-type  orifices. 

The  collection  channel  runs  the  full  length  of  the  powerhouse  from  North  to  South.  The 
collection  channel  transitions  to  a  flume  that  routes  the  fish  and  water  out  the  south  end  of  the 
powerhouse  to  the  primary  dewatering  system.  The  primary  dewatering  screens  reduce  the  flow 
from  165  -  250  cfs  to  35  -  40  cfs.  The  reduced  flow  enters  a  smooth  transportation  flume  to 
a  secondary  side  dewatering  system  which  closely  regulates  the  flow  entering  the  corrugated 
transportation  flume.  The  corrugated  transportation  flume  is  carried  on  towers  to  the  holding 
facilities  and  the  river. 

No  mortality  or  descaling  problems  have  been  attributed  directly  to  the  coUection/dewatering 
facilities. 

Dewatering  Systems 

Primary  dewatering  is  through  the  floor  dewatering  screen.  The  floor  screen  is  divided  into  nine 
sections;  the  first  rectangular  section  is  9.5  feet  long  by  6  feet  wide,  the  next  7  rectangular 
sections  are  10  feet  long  by  6  feet  wide  and  the  last  (downstream)  section  is  a  trapezoidal  section 
10  feet  long  transitioning  from  6  feet  wide  to  3  feet  wide.  Design  flows  through  the  floor 
screens  range  up  to  210  cfs. 

The  amount  of  water  discharging  through  the  primary  dewatering  screen  and  the  water  level  in 
the  main  channel  are  regulated  by  a  control  weir  system.  The  control  weir  section  consists  of: 
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a  baffle  anangement  to  provide  uniform  flow  through  the  screens,  9  -  two  foot  high  by  nine  foot 
long  discharge  orifices  that  route  flows  into  a  90  foot  long  vertical  chamber  and  9  -  four  foot 
long  by  4.5  foot  tall  automatic  weirs  that  direct  flow  into  a  90  foot  long  by  6  foot  wide  side 
chamber.  The  side  chamber  floor  slopes  to  a  drain  pipe  system  consisting  of  a  6  foot  square  by 
20  foot  deep  vertical  chamber  transitioning  to  a  42  inch  diameter  pipe  that  connects  to  an 
existing  30  inch  diameter  transportation  conduit.  The  30  inch  diameter  conduit  supplies  water 
to  the  holding  facilities  (raceways).  A  90  foot  long  overflow  weir  located  adjacent  to  the 
dewatering  screen  is  set  1.5  feet  below  the  top  of  the  outside  walls  and  prevents  the  flows  from 
overtopping  the  structure. 

Secondary  dewatering  occurs  in  the  smooth  flume  section  immediately  downstream  of  the 
primary  dewatering  system.  Secondary  dewatering  uses  perforated  plates  on  the  side  walls. 
Weirs  directly  behind  the  plates  control  and  regulate  the  flow  entering  the  corrugated  flume. 

Trash  is  a  concern  at  the  project  since  it  clogs  orifices  and  dewatering  screens.  Debris 
commonly  consists  of  sticks,  tumbleweeds  and  leaves.  Dewatering  screens  which  typically  use 
wedge-wire  screen  with  1.75  mm  bars  spaced  2  mm  apart  and  are  highly  susceptible  to  clogging 
by  leaves.  Debris  is  removed  by  brushes  that  travel  the  screen  length  from  upstream  to 
downstream.  Debris  usually  ends  up  in  the  raceways  and  must  be  removed  and  disposed  of 
manually. 

The  dewatering  screen  cleaning  system  utilizes  two  angle  iron  cross  members  attached  to  a  roller 
chain,  one  behind  the  other.  The  lead  cross  member  has  two  brushes  approximately  two  feet 
in  length  with  about  one  foot  clear  between  them.  The  trailing  cross  member  has  the  same  brush 
arrangement,  but  the  brushes  are  offset  to  cover  the  leading  brush’s  clear  space.  The  roller 
chain  is  driven  to  clean  the  screens  from  upstream  to  downstream.  Each  of  the  three  rectangular 
screen  sections  have  an  independent  roller  chain  cleaning  system.  The  screen  sections  are 
cleaned  in  order  from  upstream  to  downstream.  The  trapezoidal  section  is  cleaned  by  hand. 

Emergency  Fish  Bypass  System 

Two  emergency  fish  bypass  systems  are  incorporated  to  route  juvenile  fish  directly  into  the  river 
in  the  event  that  either  the  primary  dewatering  screens  or  the  transportation  flumes  become 
inoperable.  These  emergency  bypass  systems  are  designated  “Pre-dewatering  Screen  Emergency 
Fish  Bypass  System”  and  “Post-dewatering  Screen  Fish  Bypass  System”. 

The  pre-dewatering  system  bypasses  fish  from  just  upstream  of  the  primary  dewatering  system 
by  means  of  a  5.5  foot  diameter  pipe  controlled  by  a  slide  gate.  The  5.5  foot  diameter  pipe 
transitions  to  a  30  inch  diameter  pipe  and  is  routed  to  the  post-dewatering  fish  bypass  chamber 
and  to  the  holding  facilities  or  the  river.  Stoplogs  are  installed  between  the  slide  gate  and 
primary  dewatering  screens  to  allow  complete  unwatering  of  the  primary  dewatering  system  for 
maintenance. 

The  post-dewatering  system  bypasses  fish  from  just  downstream  of  the  secondary  dewatering 
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system  by  means  of  a  3  foot  by  4  foot  vertical  chamber,  to  a  30  inch  diameter  pipe  and  is  routed 
to  either  the  holding  facilities  or  the  river. 

Fish  Transportation  System 

Fish  and  transportation  water  leaving  the  primary  and  secondary  dewatering  systems  are 
transported  to  either  the  holding  facilities  or  the  river  by  a  3  foot  wide  by  4  foot  high  U-shaped, 
shad^,  galvanized,  painted  corrugated  flume.  This  flume  system  design  incorporates  a  360 
degree  full  circle  loop  that  has  a  30  foot  centerline  radius.  The  loop  section  is  required  to 
maintain  similar  channel  slopes  as  a  previously  tested  flume  design. 

Site  Visit  Observations  and  Findings 

The  following  site  visit  observations  and  findings  are  based  on  SWEC’s  observations  while 
visiting  the  site  and  interviews  with  project  personnel.  The  magnitude  of  concern  made  in  the 
following  comments  are  subjective  and  are  provided  to  give  additional  insight  into  system  design 
and  operation. 

Off-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  Dewatering  trapezoidal  section  has  no  brush/cleaning  mechanism,  it  must  be  cleaned 
manually. 

•  Truck  loading  facibties  -  dewatering  system  drains  too  fast. 

•  Delay  in  fish  passage  is  a  problem  in  both  the  collection  channel  and  the  dewaterer.  A 
way  of  moving  fish  downstream  during  normal  operation  and  when  dewatering.  A 
“sonic  device”  may  be  appropriate.  A  floating  sonic  device  could  be  placed  in  the 
upstream  end  of  the  collection  channel  and  then  retrieved  downstream  at  the  primary 
dewaterer.  However,  such  a  device  might  move  too  fast.  Another  option  would  be  to 
wire  the  full  length  of  the  collection  channel  and  primary  dewaterer  and  have  sonic 
devices  activate  in  series.  One  drawback  might  be  that  a  large  amount  of  fish  would  end 
up  entering  the  separator  in  a  short  period  of  time. 

•  Debris  can  overwhelm  the  primary  dewaterer’ s  screen  cleaning  system.  An  air-burst 
system  in  combination  with  a  brush  sweep  would  be  ideal. 

•  Completely  dewatering  the  collection  channel  and  primary  dewaterer  requires  hand 
removal  of  fish.  The  fish  are  scared  by  dewatering,  netting,  bucketing  and  people 
splashing  around.  It  would  probably  be  better  to  scare  the  fish  out  of  the  system  with 
a  sonic  device  prior  to  dewatering. 
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•  Electrical  systems  should  be  backed  up  by  air  pressure  systems  to  the  extent  possible  and 
vice  versa. 

•  A  power  outage  at  the  primary  dewaterer  could  cause  problems,  especially  if  prolonged. 
The  motors  for  the  cleaning  brushes  would  not  work.  This  is  where  an  air  burst  system 
would  be  ideal.  Flow  control  weirs  would  also  be  inoperable,  but  the  can  be  moved  with 
an  air  wrench. 

Attributes  and  Grcneral  Comments  with  the  Current  Systems 

•  Overall  system  works  well,  maintenance  items  are  labor  intensive. 

•  Dewatering  system  is  generally  self  cleaning  with  few  trash  problems.  It  has  been  shut 
down  once  due  to  leaves  clogging  the  screens. 

•  The  weirs  and  MiUtronics  equipment  have  been  very  reliable. 
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LITTLE  GOOSE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


%  8’SS 


Close-up  view  of  typical  knife  gate  used  to  control  gatewell 
orifice  either  open  or  closed.  (Similar  at  all  projects  visited.) 


Fish  collection  flume  exiting  dam  extending  to  dewatering  facilities. 


LITTLE  GOOSE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


LITTLE  GOOSE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


Fish 

transportation 
flume  with  loop 
to  reduce 
effective  slope 
extending  from 
dewatering 
facility  to  fish 
handling  facility. 


Floor  dewatering  screens  with  converging 
section  at  downstream  end.  Right  wall 
lower  than  left  for  emergency  bypass. 

Brush  cleaning  system  with  chains  mounted 
on  sidewalls. 


LITTLE  GOOSE  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


One  of  six  weir  gates  to  control  floor 
dewatering  discharge. 


Fish  transportation  flume  with  secondary 
sidewall  dewatering  system  (three  weir 
gates  behind  perforated  plates)  immediately 
downstream  of  floor  screen  dewatering. 


2.3  Lower  Monumental  Lock  and  Dam 


General  Project  Description 

Lower  Monumental  Lock  and  Dam  is  located  32  river  miles  upstream  of  Ice  Harbor  Lock  and 
Dam  at  Snake  River  mile  42  near  Kahlotus,  Washington.  The  dam  crest  is  approximately  3,800 
feet  long  consisting  of  an  embankment  section  extending  from  the  left  abutment  to  an  86-foot 
wide  navigation  lock,  a  south  fish  ladder,  a  335-foot  long  gated  spillway,  a  656-foot  long 
powerhouse,  and  a  north  fish  ladder  on  the  right  abutment.  The  powerhouse  contains  six 
generators  with  total  rated  generating  capacity  of  810  megawatts  (MW). 

Lake  Herbert  G.  West  is  impounded  by  the  dam  extending  28  miles  upstream  with  a  surface  area 
of  6,590  acres.  The  normal  operating  headwater  pool  varies  between  elevation  537  feet 
(minimum)  and  elevation  540  feet  (maximum).  The  normal  operating  tailwater  pool  varies 
between  elevation  437  feet  (minimum)  and  elevation  445  feet  (maximum).  Average  Snake  River 
flow  at  Lower  Monumental  Lock  and  Dam  is  about  50,000  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Juvenile  fish  approach  the  dam  at  various  depths  in  the  forebay,  they  follow  the  flow  down  into 
the  turbine  intakes  and  are  diverted  up  into  the  gatewells  by  submerged  screens.  Juvenile  fish 
entering  the  gatewell  are  discharged  to  the  collection  channel  through  tube-type  orifices. 

The  collection  channel  runs  the  fiiU  length  of  the  powerhouse  from  South  to  North.  The 
collection  channel  transitions  into  a  flume  that  routes  the  fish  and  water  out  the  north  end  of  the 
powerhouse  and  is  carried  on  towers  to  the  primary  dewatering  facilities.  The  primary 
dewatering  system  reduces  the  flow  from  200  cfs  -  300  cfs  to  28  cfs  -  43  cfs.  The  reduced  flow 
enters  a  transportation  flume  which  is  carried  on  grade  to  the  holding  facilities  or  the  river. 

No  mortality  or  descaling  problems  have  been  attributed  directly  to  the  coUection/dewatering 
facilities. 

Dewatering  Systems 

Primary  dewatering  is  through  the  floor  dewatering  screen.  The  floor  screen  is  divided  into  9 
sections;  8  rectangular  sections  each  10  feet  long  by  7  feet  wide,  the  last  (downstream)  section 
is  a  trapezoidal  section  10  feet  long  transitioning  from  7  feet  wide  to  3  feet  wide.  Design  flows 
through  the  dewatering  screens  range  up  to  257  cfs. 

The  amount  of  water  discharging  through  the  primary  dewatering  screen  and  the  water  level  in 
the  main  channel  are  regulated  by  a  control  weir  system.  The  control  weir  section  consists  of: 
a  baffle  arrangement  to  provide  uniform  flow  through  the  screen;  2  -  two  foot  high  by  nine  foot 
long  and  7  -  two  foot  high  by  eight  foot  long  discharge  orifices  that  route  flows  into  a  4  foot 
wide  by  90  foot  long  vertical  chamber  and  9  -  four  foot  long  by  4.5  foot  tall  automatic  weirs 
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that  direct  flow  into  a  90  foot  long  by  6  foot  wide  side  chamber.  The  side  chamber  floor  slopes 
to  a  downwell  21  feet  long  by  6  feet  wide.  A  66  inch  diameter  drain  pipe  located  at  the  invert 
of  the  downwell  routes  excess  water  to  the  fish  ladder.  A  90  foot  long  overflow  weir  located 
adjacent  to  the  dewatering  screen  is  set  4.6  feet  below  the  top  of  the  outside  walls  and  prevents 
the  flows  from  overtopping  the  structure. 

Secondary  dewatering  occurs  in  the  3  foot  wide  flume  section  immediately  downstream  of  the 
primary  dewatering  system.  Secondary  dewatering  uses  perforated  plates  on  the  side  walls. 
Weirs  directly  behind  the  plates  control  and  regulate  the  flow  entering  the  corrugated  flume. 
Excess  water  taken  off  at  the  secondary  dewatering  is  piped  directly  to  the  side  chamber. 

Trash  is  a  concern  at  the  project  since  it  clogs  orifices  and  dewatering  screens.  Debris 
commonly  consists  of  sticks,  algae,  leaves  and  wheat  chaff  Dewatering  screens  which  typically 
use  wedge- wire  with  1.75mm  bars  spaced  2mm  apart  and  are  highly  susceptible  to  clogging  by 
leaves  and  wheat  chaff  Debris  is  removed  by  brushes  which  travel  the  screen  length  from 
upstream  to  downstream.  Debris  usually  ends  up  in  the  raceways  and  must  be  removed  and 
disposed  of  manually. 

Screen  cleaning  is  by  a  overhead  mounted  trolley  with  an  arm  to  which  the  brushes  are  attached. 
The  brush  assembly  is  lowered  into  the  flow  path  until  the  brushes  make  contact  with  the  screen. 
The  trolley  moves  the  brushes  downstream  to  remove  debris.  An  air  bubbler  is  being  installed 
for  the  ‘95  season  to  remove  debris  from  the  trapezoidal  section.  Prior  to  the  air  bubbler 
installation  debris  was  removed  by  hand. 

Emergency  Fish  Bypass  System 

Two  emergency  fish  bypass  systems  are  incorporated  to  route  juvenile  fish  directly  into  the  river 
in  the  event  that  either  the  primary  dewatering  screens,  transportation  flume  or  handling  facilities 
become  inoperable.  These  emergency  bypass  systems  are  designated  “Primary  Dewatering 
Structure  Bypass”  and  “Corrugated  Metal  Flume  Bypass”. 

The  primary  dewatering  structure  bypass  routes  fish  from  immediately  upstream  of  the  primary 
dewatering  system  by  means  of  a  bypass  chamber  (downweU)  in  the  flume  floor.  Orifice  flows 
are  shut  down  for  installation  of  stoplogs,  removal  of  the  perforated  floor  screen  covering  the 
bypass  chamber  and  opening  the  bypass  line  knife  gate  valve.  The  bypass  chamber  consists  of 
a  7  foot  square  opening  transitioning  to  a  3  foot  diameter  pipe.  The  3  foot  diameter  pipe 
transitions  to  a  2.5  foot  diameter  pipe  then  to  a  2  foot  diameter  pipe  and  is  routed  to  the  river. 

The  corrugated  metal  flume  bypass  routes  fish  from  just  downstream  of  the  secondary 
dewatering  system  by  means  of  a  2  foot  diameter  pipe  controlled  by  a  knife  gate  valve.  The 
valve  position  is  fully  opened  during  bypass  operation.  Orifice  flows  are  reduced  to  allow  for 
installation  of  stoplogs  immediately  upstream  of  the  corrugated  metal  flume,  removal  of 
perforated  plate  covering  the  bypass  pipe  and  opening  the  knife  gate  valve.  This  bypass  system 
uses  three  pipes  (1.5  feet,  1.67  feet  and  2  feet  in  diameter)  which  take  water  from  the  floor  of 
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the  primary  dewatering  structure  to  provide  makeup  water  for  fish  discharged  to  the  river. 
Fish  Transportation  System 

Fish  and  transportation  water  leaving  the  primary  and  secondary  dewatering  systems  are 
transported  to  the  holding  facilities  by  a  3  foot  wide  by  4  foot  high  U-shaped,  shaded, 
corrugated  flume.  A  switch  gate  upstream  of  the  holding  facilities  routes  fish  to  the  river 
through  a  2.5  foot  diameter  HDPE  pipe  or  to  the  holding  facilities. 


Site  Visit  Observations  and  Findings 


The  following  site  visit  observations  and  findings  are  based  on  SWEC’s  observations  while 

visiting  the  site  and  interviews  with  project  personnel.  The  magnitude  of  concern  made  in  the 

following  comments  are  subjective  and  are  provided  to  give  additional  insight  into  system  design 

and  operation. 

Off-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  Primary  dewatering  trash  sweep  is  cable  driven.  The  cable  requires  replacement 
approximately  3  times  throughout  the  year.  High  maintenance  item. 

•  One  occurrence  (1993)  of  completely  plugging  the  dewatering  screen  with  wheat  chaff. 
The  entire  dewatering  facility  overflowed.  Attributed  to  run-off  from  tributary  (Palouse 
River). 

•  Fish  hold  in  the  dewatering  structure  and  collection  channel,  doesn’t  seem  to  be  much 
of  a  problem. 

•  Dewatering  the  primary  dewaterer  requires  netting  adult  and  juvenile  fish  and  carrying 
them  out  in  a  can. 

•  Electric  valve  operator  indicators  frequently  malfunction. 

•  Dewatering  facility  electrical  supply  has  a  high  exposure  to  failure  and  should  be 
provided  with  redundancy  or  back-up. 

•  Features  that  would  cause  a  cascade  effect  if  they  failed  are:  Facility  electrical  supply. 
Orifice  air  supply.  Facility  air  supply  and  Raw  water  supply. 

•  Pneumatic  orifice  slide  gates  stick,  more  air  pressure  may  be  required. 

•  Electric  butterfly  valves  stick,  probable  cause  maybe  infrequent  use. 
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On-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  The  drive  mechanism  for  the  brush  trolley  appears  to  be  the  “weak-link”  in  the  operation 
of  the  cleaning  system.  The  drive  rope  is  wrapped  around  a  friction  sheave  which  causes 
the  rope  to  drag  against  itself,  resulting  in  fraying  of  the  rope  and  reduced  rope  life.  At 
the  time  of  inspection  the  wire  rope  appeared  to  be  near  failure. 

•  The  primary  dewatering  system  worked  smoothly  with  no  reported  maintenance 
problems. 

•  Dewatering  control  structure  -  Control  valve  number  8  has  no  valve  position  indicator. 
Can  cause  total  dewatering  of  system  if  adjusted  and  left  unattended.  This  control  valve 
has  an  indicator  for  the  valve  fully  open  or  fully  closed,  which  is  how  the  valve  was 
designed  to  be  operated.  Staff  should  be  instructed  on  the  hydraulics  of  this  system  and 
how  it  was  designed  to  be  operated. 

•  The  final  dewatering  section,  just  upstream  of  the  separator,  is  wedge  wire  (Johnson) 
screen.  The  rate  of  dewatering  appeared  to  be  too  rapid,  and  in  some  areas  the  screen 
would  draw  air.  It  was  related  that  in  the  past  there  have  been  attempts  to  “tune-out” 
this  problem,  but  these  attempts  resulted  in  moving  the  problem  to  another  location  on 
the  screen.  Other  sites  (Lower  Granite  and  McNary)  use  perforated  plate  rather  than 
wedge- wire  screen  and  do  not  appear  to  have  an  air  entrainment  problem. 

Attributes  and  General  Comments  with  the  Current  Systems 

•  Currently  installing  bubbler  system  under  dewatering  screen  for  the  ’95  season. 

•  Overall  system  works  well,  most  problems  are  maintenance  items. 
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LOWER  MONUMENTAL  LOCK  AND  DAM 
Lower  Snake  Wver  -  Washington 


LOWER  MONUMENTAL  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


One  of  several  side  channel  weir  gates  to 
control  water  level  in  dewatering  channel. 


LOWER  MONUMENTAL  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


Closeup  view  of  floor  screen  brush  system  drive  motor  and  wire  rope. 
Note  excessive  wear  on  wire  rope  in  top  center  of  photo. 


LOWER  MONUMENTAL  LOCK  AND  DAM 
Lower  Snake  River  -  Washington 


View  of 
secondary 
dewatering  side 
wall  screens  and 
weir  gates  not  in 
operation  in 
upstream  reach 
of  transportation 
flume. 


Upstream  view  of  discharge  into  fish 
separator.  Note  turbulence  in  upper  center 
of  photo  where  floor  dewatering  system  is 
located.  Right  and  left  halves  of  dewatering 
system  cannot  be  adjusted  to  perform 
similarly. 


2.4  McNarv  Lock  and  Dam 


General  Project  Description 

McNary  Lock  and  Dam  is  located  76  river  miles  upstream  of  John  Day  Dam  at  Columbia  River 
mile  292  near  Umatilla,  Oregon.  The  dam  crest  is  approximately  7,365  feet  in  length  consisting 
of  an  embankment  section  that  extends  from  the  south  abutment  to  a  1,422-foot  long 
powerhouse,  a  south  fish  ladder  contained  in  the  south  embankment  section,  a  1,310-foot  long 
gated  spillway,  a  north  fish  ladder,  an  86-foot  wide  navigation  lock,  and  a  north  embankment 
section  that  extends  from  the  navigation  lock  to  the  right  abutment.  The  powerhouse  contains 
fourteen  generators  with  a  total  rated  generating  capacity  of  1,120  megawatts  (MW). 

Lake  WaUula  is  impounded  by  the  dam  extending  62  miles  upstream  with  a  surface  area  of 
38,800  acres.  The  normal  operating  headwater  pool  varies  between  elevation  335  feet 
(minimum)  and  elevation  340  feet  (maximum).  Normal  operating  tailwater  pool  varies  between 
elevation  257  feet  (minimum)  and  elevation  265  feet  (maximum).  Average  Columbia  River  flow 
at  McNary  Lock  and  Dam  is  about  189,000  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Juvenile  fish  approach  the  dam  at  various  depths  in  the  forebay,  they  follow  the  flow  down  into 
the  turbine  in^es  and  are  diverted  up  into  the  gatewells  by  submerged  screens.  Juvenile  fish 
entering  the  gatewell  are  discharged  to  the  collection  charmel  through  tube-type  orifices. 

The  collection  channel  runs  the  full  length  of  the  powerhouse  from  North  to  South.  Before 
exiting  the  powerhouse,  primary  dewatering  screens  reduce  the  flow  from  400  -  690  cfs  to  30  - 
40  cfs.  The  reduced  flow  enters  a  transportation  flume  which  is  routed  out  the  south  end  of 
the  powerhouse  and  is  carried  on  towers  to  the  holding  facilities  or  the  river. 

No  mortality  or  descaling  problems  have  been  attributed  directly  to  the  coUection/dewatering 
facilities.  Fish  may  hold  in  eddies  created  in  the  transition  area  between  the  side  and  floor 
dewatering  sections.  This  is  generally  thought  unlikely  to  be  a  substantial  problem  in  delaying 
passage  or  increasing  stress  but  may  be  of  concern  to  the  fisheries  agencies. 

Dewatering  Systems 

McNary ’s  primary  dewatering  system  is  unique  since  it  handles  a  large  flow  and  employs  side 
dewatering  along  with  floor  dewatering. 

Primary  dewatering  is  through  the  floor  dewatering  screen.  The  floor  screen  is  divided  into 
three  sections,  a  rectangular  section  67.5  feet  long  x  13.5  feet  wide,  a  trapezoidal  section  24  feet 
long  transitioning  from  13.5  feet  wide  to  3.0  feet  wide  and  a  secondary  dewatering  section  that 
is  the  last  10  feet  of  the  trapezoidal  section.  Wedge-wire  screens  are  used  with  bars  oriented 
in-line  and  parallel  to  the  flow.  Design  flows  through  the  floor  screens  range  up  to  420  cfs. 
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Primary  dewatering  is  also  through  the  side  dewatering  wedge- wire  screens.  The  side  screen 
area  is  70  feet  long  x  10  feet  high  and  bar  orientation  is  parallel  to  the  flow.  Design  flows  range 
from  0  to  280  cfs.  For  minimum  collection  channel  flows  of  406  cfs  the  side  dewatering  screen 
is  not  in  operation. 

Excess  collection  channel  flows  withdrawn  from  the  north  half  of  the  side  dewatering  system  (up 
to  140  cfs)  discharges  into  the  river  through  the  ice/trash  sluiceway  north  of  the  powerhouse. 
Excess  collection  channel  flows  withdrawn  from  the  southern  half  of  the  side  dewatering  system 
(up  to  140  cfs)  is  used  as  fish  ladder  attraction  water.  Excess  flows  withdrawn  from  the  floor 
dewatering  system  are  split  with  75  cfs  routed  to  the  holding  facilities  and  the  remainder  (up  to 
345  cfs)  used  as  fish  ladder  attraction  water. 

Trash  is  a  concern  at  the  project  since  it  clogs  orifices  and  dewatering  screens.  Debris 
commonly  consists  of  sticks,  algae,  leaves  and  wheat  chaff.  Dewatering  screens  consist  of  1.75 
mm  bars  spaced  2  mm  apart  and  are  highly  susceptible  to  clogging  by  leaves  and  wheat  chaff. 
Debris  is  removed  by  brushes  which  travel  the  screen  length  from  upstream  to  downstream. 
Debris  collects  in  the  raceways  and  must  be  removed  and  disposed  of  manually. 

The  rectangular  floor  screens  are  cleaned  by  a  ceiling  mounted  trolley  with  an  articulated 
(scissor)  arm  to  which  the  brushes  are  attached.  One  set  of  brushes  are  used  to  clean  the 
rectangular  screen  section.  The  assembly  is  lowered  into  the  flow  path  until  the  brushes  contact 
the  screen.  The  trolley  moves  the  brushes  downstream  to  remove  debris. 

The  trapezoidal  floor  screens  are  cleaned  by  a  ceiling  mounted  trolley,  similar  to  the  rectangular 
screen  brush  system,  except  the  trolley  pivots  to  allow  paralleling  the  converging  walls. 

Side  dewatering  screens  are  cleaned  by  a  wall  mounted,  automated  traveling  brush  that  moves 
from  upstream  to  downstream. 

Emergency  Fish  Bypass  System 

An  emergency  fish  bypass  system  is  incorporated  to  route  juvenile  fish  directly  into  the  river  in 
the  event  that  either  the  primary  dewatering  screens  or  the  transportation  flumes  become 
inoperable. 

If  the  emergency  bypass  system  is  used,  several  steps  must  be  taken  to  make  the  system 
operable.  First,  the  orifices  must  be  closed  to  allow  installation  of  bulkheads  upstream  of  the 
primary  dewatering  system.  The  emergency  bypass  floor  panels  must  be  removed  and  the 
orifices  re-opened.  Once  in  the  collection  channel,  the  juvenile  fish  pass  through  the  8x8  foot 
square  opening  in  the  collection  channel  floor,  and  are  transported  through  the  ice/trash 
sluiceway  that  discharges  to  the  river  North  of  the  powerhouse. 
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Fish  Transportation  System 

Fish  and  transportation  water  leaving  the  collection  channel  dewatering  system  are  transported 
to  either  the  holding  facilities  or  the  river  by  a  3  foot  wide  by  4  foot  high  smooth  flume,  a  36 
inch  diameter  smooth  flume,  a  corrugated  metal  flume  (CMF)  and  a  30  inch  diameter  smooth 
flume. 

Site  Visit  Observations  and  Findin2s 

The  following  site  visit  observations  and  findings  are  based  on  SWEC’s  observations  while 
visiting  the  site  and  interviews  with  project  personnel.  The  magnitude  of  concern  made  in  the 
following  comments  are  subjective  and  are  provided  to  give  additional  insight  into  system  design 
and  operation. 

Off-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  Currently  trash/debris  removal  from  the  raceways  is  a  large  effort. 

•  Dewatering  bar  screen  spacing  is  smaller  than  the  submerged  bar  screen  in  gatewell  due 
to  different  spacing  criteria  with  higher  concentrations  of  fish. 

•  The  transition  (expansion  from  9  feet  to  13.5  feet  wide)  between  side  dewatering  and 
floor  dewatering  creates  a  fish  holding  spot  (eddy). 

•  There  is  no  auxiliary  water  supply  system  redundancy  for  the  handling  facilities  if  the 
dewatering  system  becomes  inoperable. 

•  Personnel  does  not  like  centralized  dewatering  at  this  facility.  The  old  system  had 
screens  spaced  along  the  full  collection  channel  length.  Excess  water  entering  the 
collection  channel  from  the  orifices  was  removed  throughout  the  entire  collection 
channel.  This  system  was  more  forgiving  if  a  screen  became  plugged.  With  centralized 
dewatering  a  failure  in  the  screens  results  in  complete  system  shutdown. 

•  Some  of  the  dewatering  control  gates  are  not  rising  stem  type.  This  style  gate  has  caused 
excessive  maintenance  of  the  leaf  drive  nut  due  to  the  difficulty  of  lubricating  the 
unaccessible  drive  nut. 

•  Dewatering  screens  cleaning  systems  (rectangular  to  trapezoidal)  can  overlap.  There  is 
an  interlock  to  prevent  simultaneous  operation  of  the  cleaning  systems,  however  if  the 
interlock  fails  there  are  no  alarms  installed  to  detect  if  the  brushes  overlap  and  lock  up. 

•  System  water  level  alarms  are  not  redundant. 

•  Unseating  type  gates  have  caused  binding  problems  in  the  past. 
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•  No  flow  measurement  devices  are  currently  used  in  the  system. 

•  Screen  plugging  seems  to  be  the  worst  problem.  A  water  backflush  for  cleaning  the 
dewatering  screens  maybe  appropriate. 

•  A  reinforced  perforated  plate  primary  dewatering  system  may  be  easier  to  keep  clean. 

•  Implementation  of  an  air-burst  screen  cleaning  system  would  complement  the  existing 
brush  system. 

•  Biggest  problem  is  temperature  shock  of  fish  from  encountering  thermal  gradients  in  the 
reservoir  and  while  passing  through  the  system.  These  shocked,  incapacitated  fish  are 
unable  to  swim  effectively  and  become  impinged  on  the  dewatering  screens. 

•  The  dewatering  sluice  gates  have  not  handled  the  level  of  vibrations  and  flow  energy  that 
they  are  supposed  to  and  have  been  very  difficult  to  operate  due  to  alignments  shifts  and 
gearbox  failure. 

On-Line  Findings,  Problems  and  Concerns  with  Current  Systems 

•  The  excess  water  discharge  to  the  down  well  produces  a  continuous  fine  mist  in 
collection  channel  dewatering  screen  area.  This  may  present  an  adverse  effect  on 
electric/controls  equipment. 

•  Juvenile  fish  hold-up  in  the  transition  section  from  the  side  dewatering  to  the  floor 
dewatering  and  in  areas  on  the  floor  dewatering  screen  where  there  is  a  break  in  the  flow 
path. 

•  The  floor  dewatering  screen  debris  removal  brushes  worked  smoothly  and  appeared  to 
be  effective.  The  sidewall  dewatering  system  was  off-line  at  the  time  of  the  inspection. 
The  primary  driver  gear  box  had  failed. 

Attributes  and  General  Comments  with  the  Current  Systems 

•  The  majority  of  the  system  is  fish  friendly,  overall  the  system  performs  as  designed. 

•  In  the  Spring  typical  debris  includes  tumbleweeds  and  dead  leaves  and  grasses  while  the 
late  summer/fall  produces  more  aquatic  plant  material.  Woody  material  is  usually  more 
prevalent  early  in  the  season  and  is  highly  variable  in  quantity  from  year  to  year. 

•  Fairly  good  system  control  is  maintained  with  ability  to  work  with  deadband  and 
sensitivity  adjustments  as  long  as  both  dewatering  valves  are  working  and  rapid  changes 
do  not  occur  in  generator  loads  affecting  the  orifice  discharges. 
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McNARY  LOCK  AND  DAM 


Columbia  River  -  Washington/Oregon 


Close-up  view  of  plastic  mesh  screen  used  in  STS’s.  (Similar  at  all  projects  visited.) 


McNARY  LOCK  AND  DAM 
Columbia  River  -  Washington/Oregon 


Extended  submerged  bar  screen  (ESBS) 
raised  to  operating  deck  level  to  be  installed 
for  testing  during  1995  operations. 


Close-up  view  of 
1.75  mm  bar 
with  2.0  mm 
clear  space  bar 
screen  used  on 
submerged  bar 
screens  for 
testing. 


I 


McNARY  LOCK  AND  DAM 
Columbia  River  -  Washington/Oregon 


Ice/ trash 
sluiceway  weir 
gate  between 
piers.  Ice/trash 
sluiceway  with 
collection 
channel  in  left  of 
photo.  Note  the 
floating  debris. 


Ice/trash  sluiceway  converted  to  juvenile 
fish  collection  channel  looking  upstream. 
Knife  gate  operators  for  gatewell  orifices 
above  grating  along  left  wall. 


McNARY  LOCK  AND  DAM 
Columbia  River  -  Washington/Oregon 


Close-up  view  of  submerged  bar  screen  for  side 
channel  dewatering  with  horizontal  bars. 


McNARY  LOCK  AND  DAM 


Columbia  River  -  Washington/Oregon 


Floor  dewatering  system  with  bar  screens  looking  downstream 
with  converging  walls  and  inclined  floor  screens.  Beams  mounted 
above  support  brush  cleaning  systems  in  converging  section. 


V, 


Side  channel  dewatering  screens  with  weir  gates  behind 
immediately  upstream  of  fish  transportation  flume. 


McNARY  LOCK  AND  DAM 
Columbia  River  -  Washington/Oregon 


Steel  fish 
transportation 
flume  from 
collection 
channel  to  fish 
handling  facility. 


Fish  sorting  facility  looking  upstream 
toward  outfall  of  fish  transportation  flume. 
(Sorting  facilities  similar  at  all  projects 
visited.) 


McNARY  LOCK  AND  DAM 
Columbia  River  -  Washington/Oregon 


Drive 

mechanism  to 
raise  and  lower 
the  brush  to 
clean  the 
inclined 

rectangular  floor 
screens. 


Upstream  view  of  fish  separator  flowing 
about  30  to  40  cfs.  No  signs  of  juvenile 
fish  passing  through  the  system  at  this 
project  on  this  date. 


2.5  The  Dalles  Lock  and  Dam  /  Northern  Wasco  Countv  P.U.D. 


General  Project  Description 

The  Dalles  Lock  and  Dam  is  located  192  river  miles  upstream  of  the  mouth  of  the  Columbia 
River  near  The  Dalles,  Oregon.  Lake  Celilo  is  impounded  by  the  dam  extending  24  miles 
upstream  ending  at  the  John  Day  Lock  and  Dam.  The  dam  consists  of  a  south  abutment,  south 
fish  ladder,  powerhouse,  non-overflow  section,  spillway,  north  fish  ladder,  fish  passage 
facilities,  non-overflow  section,  navigation  lock  and  north  abutment.  The  powerhouse  contains 
22  generators  with  a  total  rated  generating  capacity  of  1,807  megawatts  (MW). 

The  north  fish  ladder  attraction  water  flow  channel  between  the  navigation  lock  and  the  spillway 
was  recently  retrofit  by  Northern  Wasco  County  P.U.D.  to  include  a  5  MW  turbine  generator 
unit  for  using  the  fish  ladder  attraction  flow  to  generate  power.  The  new  hydroelectric  facility 
passes  the  existing  fish  ladder  attraction  water  supply  through  a  dewatering  section,  penstock  and 
a  separate  powerhouse. 

Description  of  Existing  Juvenile  Fish  Facilities 

The  Dalles  /  Wasco  juvenile  fish  passage  facilities  are  unique  in  that  a  public  utility  added  a 
juvenile  bypass  on  the  existing  fish  ladder  auxiliary  attraction  water  supply.  The  utility. 
Northern  Wasco  County  PUD,  installed  a  5  MW  turbine  generator  unit  at  the  fish  ladder  to  use 
the  800  cfs  attraction  flow  for  power  generation.  The  attraction  flow  is  controlled  by  the  turbine 
generator  unit  which  discharges  into  the  tailrace. 

Fish  entering  the  turbine  intake  are  guided  through  the  intake  channel  to  the  dewatering  system. 
The  dewatering  system  consists  of  a  bank  of  fixed,  vertical,  stainless  steel,  wedge-wire  screens 
converging  to  the  intakes  side  wall.  The  flow  routed  to  the  fish  b5q)ass  is  approximately  10  cfs, 
which  downwells  into  a  transportation  pipe  and  is  routed  back  to  the  river  downstream  of  the 
right  bank  fishway.  The  bypass  flow  can  be  routed  through  collection  facilities,  immediately 
upstream  of  the  transportation  pipe,  for  fish  sampling  and  testing. 

Dewatering  Systems 

The  dewatering  system  design  is  a  single  converging  chaimel.  The  fixed  vertical  wedge-wire 
screens  converged  to  a  chaimel  side  wall  on  the  downstream  end.  The  screen  material  is 
stainless  steel  wedge-wire.  The  majority  of  the  dewatering  occurs  at  the  downstream  end  of  the 
chaimel.  Flow  distribution  through  the  screens  is  controlled  by  spaced  aluminum  stoplogs 
supported  by  nuts  on  threaded  rod.  The  porosity  is  changed  by  lifting  a  stoplog  section  onto  the 
deck  and  turning  the  nuts  to  reduce  or  enlarge  the  space  between  the  stoplogs.  This  type  of 
system  is  difficult  and  time  consuming  to  hydraulically  tune  since  spacing  adjustment  is  limited. 
Several  “hot-spots”  were  noted  during  the  inspection.  One  cause  of  the  increase  flow  through 
the  screen  in  certain  areas  (hot-spots)  may  be  caused  by  the  penstock  intake  which  is  located  at 
the  downstream  end  of  the  dewatering  screens.  The  penstock  intake  has  a  large  continuous 
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vortex  which  does  not  appear  to  have  any  adverse  effects  on  unit  operation  since  there  were  no 
reported  problems  such  as  air  entrainment  or  penstock  surging. 

The  main  dewatering  screen  section  is  rectangular  in  shape  with  the  screen  bars  mounted  vertical 
and  is  cleaned  using  a  horizontal  traveling  brush.  The  downstream  sections  of  the  screens  are 
cleaned  by  brushes  on  a  pivot  arm,  similar  to  a  windshield  wiper.  The  brushes  appeared  to 
work  well  with  no  reported  maintenance  problems. 

Emergency  Fish  Bypass  System 

Should  the  turbine  generator  unit  be  off-line  the  attraction  flow  can  be  routed  to  the  taUrace  by 
sluice  gates  located  upstream  of  the  dewatering  screens.  Flow  through  the  sluice  gates  drops 
into  a  plunge  pool  and  is  diverted  to  the  tailrace  via  an  excavated  rock  channel. 
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THE  DALLES  DAM/NORTHERN  WASCO  COUNTY  P.U.D. 
Columbia  River  -  Washington 


View  of  northshore  fishway  with  penstock  exiting  structure  to  lower  left. 
Note  black  bypass  pipe  exiting  structure  to  left  center  of  photo.  The  dam 
is  to  upper  right  with  river  behind  photographer. 


Downstream  view  of  deck  over  fishway  structure.  Primary  dewatering 
screens  and  porosity  tubing  follow  the  diagonal  line  in  decking  from 
photographer  to  downstream  left  of  structure. 


THE  DALLES  DAM/NORTHERN  WASCO  COUNTY  P.U.D. 


Columbia  River  -  Washington 


Screen  cleaning  system  with  vertically  mounted  brush  traveling  horizontally 
along  rectangular  sections  of  screens.  Note  counterweight  in  upper  right  of 
photo  apply  pressure  between  brush  and  screens. 


Drive  motor  for  horizontally  traveling  screen  cleaning  system. 


THE  DALLES  DAM/NORTHERN  WASCO  COUNTY  P.U.D. 
Columbia  River  -  Washington 


"Wiper  blade"  type  screen  cleaning  brush 
system  to  clean  large  triangular  section  of 
wall  screens.  Counterweight  in  upper 
center  of  photo  to  lower  brush  into  position. 
Bar  screen  in  left  center  of  photo  with 
3"x8"  tubing  for  porosity  control  behind 
screens  to  far  left. 


Motor  and  wire  rope  hoist  for  raising 
"wiper  blade"  type  screen  cleaning  brush. 


2.6  Rocky  Reach  Dam 


(General  Project  Description 

Rocky  Reach  Dam  is  located  20.3  river  miles  upstream  of  Rock  Island  Dam  at  Columbia  River 
mile  473.7  near  Wenatchee,  Washington.  The  dam  crest  is  approximately  2,900  feet  in  length 
consisting  of  the  gated  spillway,  the  powerhouse,  and  a  non-overflow  concrete  section  on  the 
right  abutment.  The  powerhouse  contains  1 1  generators  with  a  total  rated  generating  capacity 
of  1,240  megawatts  (MW). 

Lake  Entiat  is  impounded  by  the  dam  extending  43  miles  upstream  with  a  surface  area  of  8,235 
acres.  The  normal  operating  headwater  pool  varies  between  elevation  703  feet  (minimum)  and 
elevation  710  feet  (maximum).  Normal  operating  tadwater  pool  varies  between  elevation  607 
feet  (minimum)  and  elevation  612  feet  (maximum).  Average  Columbia  River  flow  at  Rocky 
Reach  Dam  is  about  100,000  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Rocky  Reach  developed  a  prototype  surface  attraction  /  bypass  system  for  testing  for  the  ‘95 
season.  The  primary  dewatering  system  is  drafted  by  the  Unit  1  turbine  and  the  fishway 
attraction  water  through  flap  type  control  gates.  The  primary  dewatering  system  was  designed 
for  1,500  cfs  and  was  dewatered  to  100  cfs.  The  100  cfs  was  reduced  to  20  cfs  through  the 
secondary  dewatering.  The  20  cfs  is  routed  through  the  dam  and  discharges  75  feet  out  in  the 
powerhouse  taihace. 

The  intent  of  the  design  was  to  develop  a  temporary  prototype  structure  with  a  design  life  of  one 
year.  The  barriers  were  made  of  plywood  and  fabric  supported  on  steel  structural  members  and 
wire  rope.  It  was  recognized  that  testing  may  extend  into  a  second  year. 

The  configuration  and  location  of  the  juvenile  bypass  was  developed  through  analysis  of  field 
forebay  hydraulics  and  fish  distribution  data  and  the  use  of  a  forebay  physical  model  study. 
Studies  showed  that  the  hydraulics  supplied  strong  fish  guidance  to  the  bypass  intake  location. 

The  original  design  included  a  Hypalon  fabric  falsework  which  improved  the  structures 
transitional  geometry  for  deflecting  flows  into  the  bypass  entrance.  The  hypalon  falsework  failed 
after  two  weeks  of  operation  and  was  removed.  The  system  is  stUl  operational  without  the 
falsework,  and  appears  to  stiU  be  effective.  The  major  concern  is  trash,  which  is  accumulating 
rapidly. 

Dewatering  Systems 

The  primary  dewatering  screens  consist  of  slotted  punch  plate  backed  by  larger  orifice  perforated 
plate.  Perforated  plate  porosity  varies  from  30%  to  60%  and  controls  the  through  screen 
velocities.  The  porosity  control  was  developed  through  physical  modeling. 
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The  method  of  cleaning  the  screens  is  with  an  Armstrong  trash  brush  on  a  manually  operated 
trolley.  At  the  time  of  the  visit,  one  of  the  two  brushes  was  off-line,  due  to  overload  damage 
to  the  arm  extension/retraction  driver. 

Emergency  Fish  Bypass  System 

In  the  event  that  the  primary  dewatering  screening  becomes  fully  plugged,  the  flow  into  the 
structure  would  be  reduced  to  the  flows  which  can  pass  over  the  primary  dewatering  system 
outlet  weir.  If  the  secondary  dewatering  system  becomes  plugged,  the  excess  water  will  over 
flow  the  system  and  cause  potential  damage  to  the  surrounding  structures. 

Fish  Transportation  System 

The  bypass  flow,  20  cfs,  is  routed  through  the  dam  via  a  circular  conduit.  The  conduit 
transitions  to  a  flume  downstream  of  the  dam  to  provide  an  observation  point  for  counting  fish 
passed.  The  flume  transitions  back  to  a  pipe  and  is  routed  to  discharge  into  the  tailrace. 
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ROCKY  REACH  DAM 
Columbia  River  -  Washington 


Overall  view  of 
surface  bypass 
and  collection 
system  prototype 
with  secondary 
dewatering 
(looking 
upstream)  in 
lower  center  of 
photo.  Fish 
entrance  to 
system  is  in 
upper  left  of 
photo  below 
gantry  crane. 


Upstream  view  of  entrance  channel  and 
primary  dewatering  structure  with  center 
wall  in  channel  for  even  flow  distribution 
through  screens.  Dewatering  discharge  is 
drafted  by  powerhouse  unit  in  upper  right  of 
photo  using  flap  gates  mounted  in  floor  to 
throttle  flow. 


ROCKY  REACH  DAM 
Columbia  River  -  Washington 


Downstream  view  in  converging  primary  dewatering  channel  with  brush 
systems  on  each  wall.  Note  debris  that  has  been  removed  on  the  deck 

in  upper  center  of  photo. 


ROCKY  REACH  DAM 
Columbia  River  -  Washington 


V 


m 


im 


Downstream  view  of  secondary  dewatering 
channel.  Note  coarse  trashrack  in  lower 
center  of  photo  with  grating  above  for 
cleaning  personnel.  Six  weir  gates  in  upper 
right  of  photo  control  removal  of  80  cfs. 
Bypass  discharge  of  20  cfs  continues 
through  channel  toward  upper  center  of 
photo  and  into  bypass  pipe  that  passes 
through  the  dam. 


V.  • 


View  of  bypass 
pipe  exiting  dam 
on  downstream 
side  with  valve 
to  shut  down  the 
system. 


ROCKY  REACH  DAM 
Columbia  River  -  Washington 


View  of  bypass  pipe  mounted  along  fish 
ladder.  Temporary  fish  handling  facility 
adjacent  to  fish  ladder.  Bypass  piping 
follows  fish  ladder  downstream  and  exits  in 
powerhouse  tailrace. 
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Bypass  pipe 
outfaU  near 
center  of 
powerhouse 
approximately 
75  feet  out  in 
tailrace. 


2.7  Wanapum  Dam 


General  Project  Description 

Wanapum  Dam  is  located  18  river  miles  upstream  of  Priest  Rapids  Dam  at  Columbia  River  mUe 
415  near  Vantage,  Washington.  The  dam  crest  is  approximately  8,537  feet  in  length  consisting 
of  approximately  5,750  feet  of  earth  embankment,  424  feet  of  concrete  gravity  section,  1,000 
feet  of  powerhouse,  540  feet  of  intake  bays  for  future  generating  units,  823  feet  of  gated 
spillway,  and  two  fish  ladders.  The  powerhouse  contains  10  generators  with  a  total  rated 
generating  capacity  of  831  megawatts  (MW). 

Wanapum  Lake  is  impounded  by  the  dam  extending  36  miles  upstream  to  Rock  Island  Dam. 
The  normal  operating  headwater  pool  varies  between  elevation  560  feet  (minimum)  and  elevation 
570  feet  (maximum).  Normal  operating  tailwater  pool  varies  between  elevation  482  feet 
(minimum)  and  elevation  508.5  feet  (maximum).  Average  Columbia  River  flow  at  Wanapum 
Dam  is  about  112,700  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Wanapum  developed  a  prototype  surface  attraction/bypass  system  for  testing  for  the  ‘95  season. 
The  dewatering  system  is  drafted  by  sixteen  (16)  blower  type  axial  flow  submerged  pumps.  The 
water  is  diverted  to  Unit  10  or  back  to  the  headwater.  The  dewatering  system  was  designed  for 
1,400  cfs  and  is  dewatered  to  500  cfs.  The  500  cfs  is  routed  through  the  dam,  in  a  pressurized 
conduit,  with  the  outfall  in  the  spillway  area. 

Dewatering  Systems 

The  screening  material  used  is  stainless  steel  perforated  plate  with  3/16-inch  holes.  Stainless 
steel  was  used  since  the  project  has  experienced  stractural  failures  with  painted  mUd  steel  plates 
in  the  past.  The  mode  of  f^ure  appeared  to  be  erosion  of  the  holes,  which  weakened  the  plate, 
and  lead  to  cracking  of  the  plate.  If  the  screens  become  plugged,  only  the  flow  which  goes  to 
the  outfaU  will  enter  the  intake.  The  blowers  wiU  then  trip  due  to  excessive  differential  between 
the  intake  and  the  area  downstream  of  the  screens. 

A  variable  spaced  bar  arrangement  is  used  to  control  porosity.  Due  to  the  good  approach  flow 
and  screen  geometry,  a  physical  model  study  was  not  used  in  developing  the  design.  The 
dewatering  facility  was  patterned  after  the  dewatering  facility  at  Cowlitz  Falls. 

The  problems  experienced  with  trash  at  Wanapum  are  minimal.  In  addition,  the  intake  for  the 
surface  bypass  is  submerged,  and  keeps  most  of  the  floating  trash  outside  of  the  stmcture. 
There  is  no  automated  cleaning  system  at  this  time;  cleaning  is  done  by  an  operator  with  a 
broom.  Pump  reversal  that  generates  back  flushing  is  also  proposed  as  a  screen  cleaning 
alternative. 
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Emergency  Fish  Bypass  System 

There  are  no  provisions  for  an  emergency  bypass  system  incorporated  into  the  Wanapum  design. 
If  the  dewatering  system  is  not  functional  the  system  is  shut  down  and  fish  must  pass  over  the 
spillway  or  through  the  turbines. 

Fish  Transportation  System 

Bypass  flows  are  routed  through  the  dam  in  a  pressurized  conduit.  The  conduit  is  routed  along 
the  downstream  face  of  the  powerhouse  and  follows  the  training  wall  which  separates  the 
spillway  and  powerhouse.  ITie  conduit  discharges  at  the  end  of  the  training  wall  into  the 
tailrace. 
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WANAPUM  DAM 
Columbia  River  -  Washington 


Downstream  view  of  the  collection/dewatering  system  with  stainless  steel 
perforated  plate  in  converging  walls  beneath  walkways.  Coarse  trashrack 
in  lower  center  of  photo.  Control  panels  for  blower  pumps  beyond 


Bypass  outfall  piping  (8-foot  diameter)  exits  dam  at  end  of  powerhouse 
and  discharges  into  tailrace.  Bypass  pipe  discharge  of  approximately 
500  cfs  controlled  by  knife  gate  near  the  end  of  pipe. 


WANAPUM  DAM 
Columbia  River  -  Washington 
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Upstream  view  of  converging  dewatering 
system  with  bypass  pipe  underwater  in 
lower  center  of  photo.  Blower  pumps  draft 
discharge  from  outer  channel  sections 
toward  bottom  of  photo. 
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Blower  pump 
control  panels 
(eight  on  each 
side)  at 

downstream  end 
of  prototype 
structure. 

Bypass  piping 
(underwater) 
extends  toward 
top  of  photo  and 
turns  90  degrees 
left  through  the 


WANAPUM  DAM 
Columbia  River  -  Washington 


Bypass  pipe  emergency  shut-off  knife  gate 
and  air  vent  in  gate  well  for  future 
powerhouse  unit.  Bypass  discharge  from 
right  to  left. 


2.8  Wapatox  Canal  Diversion 
General  Project  Description 

Wapatox  Canal  is  located  on  the  Naches  River  near  Yakima,  Washington.  The  primary  purpose 
is  to  deliver  water  to  be  used  for  irrigation  and  power  generation  purposes.  Maximum  canal 
flow  is  about  500  cubic  feet  per  second  (cfs). 

Description  of  Existing  Juvenile  Fish  Facilities 

Fish  entering  the  canal  through  the  intake  are  transported  to  the  diversion  system  in  the  canal. 
They  must  pass  through  the  control  gate  structure  consisting  of  two  radial  gates.  The  regulated 
flow  then  passes  through  the  trashracks  into  the  dewatering  system.  The  dewatering  system 
reduces  the  flow  from  approximately  500  cfs  to  about  25  cfs.  The  bypassed  flow  downwells  and 
transitions  to  a  pipe  which  routes  fish  to  the  river. 

The  bypass  system  for  routing  flow  around  the  dewatering  structure  operates  as  designed  except 
during  conditions  in  which  icing  is  a  problem.  The  maintenance  staff  has  to  manually  break  the 
ice  and  change  flow  conditions  to  keep  ice  moving  through  the  system. 

Dewatering  Systems 

The  design  is  a  single  fixed  “V”  type  vertical  screening  system  converging  from  38  feet  wide 
at  the  upstream  end  to  4  feet  wide  at  the  downstream  end.  The  downstream  end  of  the 
dewatering  section  downwells  and  transitions  to  a  32  inch  diameter  conduit  which  discharges  into 
the  river. 

Stainless  steel  wedge-wire  supplies  the  primary  screen  element.  Porosity  is  controlled  with 
adjustable  vertical  slats.  The  design  was  developed  with  the  use  of  a  physical  model.  Problems 
were  noted  with  sediment  accumulation  and  the  inability  to  sluice  ice  and  frazil  ice  during 
extreme  cold  periods. 

The  screens  are  cleaned  by  an  Atlas  hydraulic  brush  system.  An  arm  with  brushes  attached  is 
lowered  into  the  water  and  a  trolley  drives  the  brushes  to  clean  the  screens.  Debris  removed 
by  the  brushes  is  routed  through  the  bypass  pipe  back  into  the  river.  The  system  appeared  to 
function  well  for  debris  removal,  but  becomes  ineifective  during  icing  conditions.  Surface  icing 
and  frazil  ice  presents  problems  which  have  not  been  resolved  as  of  the  time  of  inspection. 

Emergency  Fish  Bypass  System 

Sluice  gates  located  on  each  side  of  the  canal  upstream  of  the  trashracks  are  used  to  pass  flow 
if  the  trashracks  or  dewatering  system  become  inoperable.  This  system  does  not  route  fish  back 
to  the  river,  but  is  a  means  to  continue  to  deliver  water  to  the  canal. 
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WAPATOX  CANAL  DIVERSION  FISHWAY 
Naches  River  -  Washington 


Downstream  view  of  converging  screening  facility  with  vertical  screens  and  adjustable 
porosity  vanes.  Bypass  piping  with  weir  gate  at  downstream  end  of  converging  section. 
Screen  cleaning  system  rails  along  converging  section  deck. 


WAPATOX  CANAL  DIVERSION  FISHWAY 
Columbia  River  -  Washington 


Screen  cleaning  system  with  brush  mounted 
on  extending  arm  that  travels  along  the  rail 
via  a  chain  and  sprocket  drive  system. 


Upstream  view 
of  screening 
facility  with 
bypass  piping 
extending  from 
concrete  box  in 
center  of  photo 
underground  and 
back  to  river 
toward  left. 


3.0  LITERATURE  SEARCH  FINDINGS 


3.1  General 

A  literature  search  of  the  technology  relating  to  dewatering  system  research,  development, 
design,  construction  and  operation  was  accomplished  through:  contacting  Pacific  Northwest  Fish 
Agencies,  Utilities,  other  A/E  firms,  Canadian  projects  and  Coips  of  Engineers  Portland 
District;  and  research  of  professional  technical  literature  and  technical  society  resources. 

3.2  SWEC  Project  Files 

During  the  past  10  years.  Stone  &  Webster  has  done  extensive  work  with  EPRI  on  developing 
Research  Projects  on  Fish  Protection  Technologies  (See  Summary  No.s  1,  2,  3  &  4).  In 
addition,  many  technical  papers  have  been  published.  These  references  have  been  cited  in  the 
“List  of  AH  Documents  Reviewed”. 

“Document  Summaries”  were  prepared  for  four  EPRI  Documents  and  two  papers  on  high 
velocity  screens.  These  summaries  can  be  found  in  Appendix  C. 

High  velocity  screens,  such  as  the  Eicher  or  the  Modular  Inclined  Screen  (MIS),  were  developed 
through  extensive  research  conducted  in  conjunction  with  the  Alden  Laboratory  and  the  Elwha 
Dam  Project  (See  Summary  No.s  9  &  10).  The  MIS  was  developed  by  SWEC  while  under 
contract  to  EPRI.  The  average  survival  ranged  from  91.6%  to  99.9%  with  a  mean  of  97.7%. 
The  poorest  survival  rate  was  for  Coho  fry  with  an  average  length  of  44  mm. 

A  SWEC  designed  prototype  MIS  facility  is  currently  being  assembled  at  Green  Island  (Niagara 
Mohawk  Power)  on  the  Hudson  River,  New  York.  This  facility  will  begin  operation  and  be 
evaluated  in  the  immediate  future. 

The  method  of  cleaning  both  the  Eicher  and  MIS  screens  is  by  reversing  the  flow  through  the 
screens.  The  flow  reversal  is  obtained  by  pivoting  the  screen  in  the  conduit  such  that  the  bottom 
side  of  the  screen  is  exposed  to  the  flow  path.  During  this  short  period,  the  fish  can  pass  by  the 
screen.  Assuming  a  backwash  cycle  of  once  every  24  hours  and  a  duration  of  2  minutes,  the 
percentage  of  time  the  fish  are  screened  is  99.9%.  At  Puntledge,  backflushes  are  conducted  on 
a  4  hour  interval.  BC  Hydro  computes  associated  losses  to  1.25%. 

SWEC  has  also  developed  several  Conceptual  Options  for  the  Rock  Island  Juvenile  Bypass 
System  (See  Document  No.  110).  The  overall  dewatering  system  is  similar  to  Little  Goose, 
except  the  collection  manifold  is  pressurized  rather  than  open  channel. 
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3.3  Electric  Power  Research  Institute  (EPRI)  Documents 

During  the  past  ten  years  EPRI  has  done  extensive  work  in  summarizing  aU  projects  and  papers 
relating  to  present  and  past  fish  protection  technologies.  The  first  document  “Assessment  of 
Downstream  Migrant  Fish  Protection  Technologies  for  Hydroelectric  Application”  published  in 
1986  (See  Summary  No.  1),  evaluated  effectiveness  of  existing  protection  systems,  identified 
important  biologic  and  engineering  criteria,  and  preliminary  concepts  which  warranted  further 
research  and  development  efforts. 

The  fish  screening  systems  described  and  evaluated  in  this  document  for  further  R&D  include: 
angled  drum  screens,  angled  fixed  screens,  inclined  pressure  screens,  submerged  traveling 
screens  and  gatewell  systems.  The  majority  of  the  research  and  development  concepts  for 
screening  systems  concentrated  on  screen  types,  screen  orientation  and  debris  removal. 

Wedge-wire  and  wire  mesh  screens  showed  promise  for  diverting  juvenile  fish  with  little  injury 
or  mortality;  and  with  the  correct  orientation,  the  screens  were  largely  self-cleaning  (See 
Document  No.s  7,  9,  35,  132  «&  139). 

The  most  effective  means  of  screen  cleaning  was  found  to  be  backflushing.  A  reversal  of  water 
flow  through  the  screen  for  10  seconds  was  sufficient  to  remove  virtually  all  of  the  debris  (See 
Document  No.  150). 

In  1994,  EPRI  published  “Research  Update  on  Fish  Protection  Technologies  for  Water  Intakes” 
(See  Summary  No.  2).  This  update  reviewed  the  research  advances  in  fish  protection 
technologies  since  EPRI’s  1986  technology  status  report.  The  most  significant  advances  were 
made  in  the  development  of  high-velocity  fish  screens. 

The  National  Marine  Fisheries  Service  (NMFS)  established  a  basis  for  screening  criteria  and 
factors  to  be  considered  in  the  design  of  screening  facilities  and  bypasses  (See  Document  No. 
151).  These  criteria  provide  general  guidelines  for  preUminaiy  engineering  and  design  of 
screening  facilities.  However,  final  criteria  are  set  and  approved  by  the  agencies  on  a  site  by 
site  basis. 

Angled  fixed  screens  have  been  installed  by  California  Fish  and  Game  at  a  large  number  of 
irrigation  diversions  in  CaUfomia.  Most  designs  utilize  perforated  plate  or  wedge-wire  screening 
material  with  mechanically  driven  brushes  for  debris  management.  Eugene  Water  and  Electric 
Board  (EWEB)  installed  the  first  large-scale  angled  screen  facility  at  the  Leaburg  Hydroelectric 
project  (EWEB,  1992). 

Brush  and  air-burst  cleaning  systems  are  the  most  common  and  effective  means  of  debris 
management  currently  in  use.  Automated  brush  systems  have  been  installed  at  the  Wapatox 
Canal  Diversion  and  Dryden  on  the  Wenachtee  River  (See  Summary  No.  2)  and  at  the  Corps 
of  Engineers  projects  visited  (McNary  Dam,  Little  Goose  Dam  and  Lower  Monumental  Dam). 
An  air-burst  cleaning  system  was  installed  at  the  Twin  Falls  Hydroelectric  project  in  the  summer 
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of  1990  (See  Summary  No.  5).  The  Leaburg  angled  screen  facility  is  cleaned  by  an  automated 
back  spray  system  (EWEB,  1992). 

In  1994,  EPRI  also  published  “Fish  Protection/Passage  Technologies  Evaluated  by  EPRI  and 
Guidelines  for  Their  Application”  which  summarized  the  results  of  fish  protection  studies  and 
provides  guidance  for  designing,  installing  and  maintaining  effective  installations. 

A  variety  of  low-velocity  screening  systems  have  been  installed  to  divert  fish  at  water  intakes. 
These  include  angled  drum  screens,  angled  panel  screens,  inclined  screens  and  cylindrical 
screens.  At  present  low-velocity  screening  systems  offer  the  only  proven  means  for  diverting 
very  small  ( <  30  to  40  mm)  fish.  Many  studies  have  demonstrated  that  a  well-designed  system 
causes  little  injury  or  mortality  to  the  fish  that  are  bypassed,  but  few  studies  have  conclusively 
demonstrated  a  diversion  efficiency  exceeding  90  to  95  % .  The  fate  of  non-recovered  fish  has 
rarely  been  quantified.  These  types  of  facilities  are  typically  among  the  most  costly  of  the 
available  bypass  options  (See  Summary  No.  2). 

The  high-velocity  screening  systems  described  in  detail  in  this  document  may  provide  a 
significant  cost  savings  over  low-velocity  screening  systems.  Studies  conducted  to  date  at  two 
full-scale  applications  of  the  Eicher  Screen  (for  screening  penstocks)  and  laboratory  studies  of 
the  Modular  Inclined  Screen  (MIS)  (designed  for  any  water  intake)  indicate  equal  or  better 
effectiveness  than  low-velocity  screening  alternatives.  The  data  indicate  that  both  the  Eicher 
screen  and  MIS  options  are  capable  of  providing  passage  survival  rates  exceeding  99%  at 
velocities  up  to  6  to  10  ^s  depending  on  the  target  species  and  size  of  fish  (See  Summary  No. 
4). 

High-velocity  screens,  such  as  the  Eicher  Screen  or  Modular  Inclined  Screen  (MIS),  have  had 
extensive  research  completed  in  conjunction  with  the  Harris  Hydraulics  Laboratory,  University 
of  Washington  (See  Summary  No.  18),  Alden  Research  Laboratory  (See  Summary  No.s  3  &  4) 
and  the  Elwha  Dam  Project  (See  Summary  No.  10).  General  descriptions  and  guidance  for  MIS 
application  has  been  developed  through  the  above  mentioned  research  (See  Summary  No.s  8  & 
9). 

Another  1994  EPRI  report,  “Biological  Evaluation  of  a  Modular  Inclined  Screen  for  Protecting 
Fish  at  Water  Intakes”  (See  Summary  No.  4),  details  the  biological  effectiveness  of  a 
standardized  high-velocity  fish  screen  design  that  can  be  adapted  to  most  water  intakes.  The 
MIS  is  capable  of  protecting  most  species  of  fish  at  rates  exceeding  99%  over  a  wide  range  of 
approach  velocities.  The  modular  design  resulted  in  a  very  uniform  velocity  distribution  over 
the  length  of  the  screen  without  the  need  for  baffles  or  changes  in  screen  porosity. 
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3.4  Pacific  Northwest  Fisheries  Agencies 


Revised  juvenile  fish  screening  design  criteria  was  approved  by  the  Columbia  Basin  Fish  and 
Wildlife  Authority  on  February  15,  1995  as  Regional  screening  criteria.  Staff  from  the  National 
Marine  Fisheries  Service,  Oregon  Department  of  Fish  and  Wildlife,  Washington  Department  of 
Fish  and  Wildlife,  and  the  Idaho  Department  of  Fish  and  Game  reviewed  the  criteria  and  their 
comments  were  incoiporated.  The  criteria  include  site  specific  considerations  including 
hydraulic  conditions,  weather  generated  influences,  river  stage-discharge  relationships,  sediment 
and  debris  problems,  and  the  characteristics  of  the  local  fishery  (anadromous,  resident,  predation 
potential).  Structural  placement,  velocities,  screen  material,  civil  works  and  structure  features, 
and  bypass  design  are  addressed.  Key  criteria  for  salmonid  fry  (less  than  60  mm  length)  include 
approach  velocities  of  no  greater  than  0.40  ft/s  and  screen  openings  not  to  exceed  2.38  mm  for 
perforated  plate,  2.38  mm  (in  the  narrow  direction)  for  woven  screen  and  1.75  mm  slot  width 
for  profile  bar  screen.  Fmgerling  (greater  than  60  mm  length)  criteria  is  also  presented  which 
may  be  applied  to  the  design  if  the  absence  of  fry-size  salmonids  in  the  vicinity  of  the  intake  is 
documented.  (See  Summary  No.  13) 

It  is  generally  recognized  that  the  above  criteria  is  conservative.  However,  it  is  also  recognized 
that  the  conservative  criteria  insures  effective  screening  even  with  the  adverse  influence  of 
factors  such  as  screen  fouling,  non-optimum  water  temperatures,  variations  in  approach  velocity 
distributions,  variability  in  fish  size,  variability  in  fish  stock  sources,  and  variability  of  biological 
populations.  (See  Summary  No.  13  and  Document  No.  170) 

With  respect  to  allowable  approach  velocity  distributions,  Ken  Bates  of  the  Washington 
Department  of  Fish  and  Wildlife  notes  in  a  4/10/95  E-mail  communication  with  Darryl  Hayes 
of  the  California  Department  of  Water  Resources  (we  have  had  difficulty  contacting  Bates  -  P. 
Johnson  had  access  to  this  information  from  his  previous  position  with  the  Bureau  of 
Reclamation)  that: 

"The  intent  in  Washington  at  least  is  not  to  exceed  criteria  velocity  on  any  part 
of  the  screen.  It’s  impossible  though;  screens  are  built  with  exactly  the  screen 
area  required  and  no  more.  We  have  accepted  velocity  variances  of  20%  in  small 
areas.  It  is  difficult  even  in  the  most  uniform  and  consistent  situations  to  do 
better  than  that.  We  would  not  allow  the  approach  velocity  criteria  to  be 
exceeded  adjacent  to  a  bypass  entrance  however. "  (See  Document  No.  170) 


Communication  with  S.  Rainey  indicates  some  wiUingness  to  consider  higher  velocity  screens 
(Modular  Inclined  Screens  or  Richer  Screens).  However,  Rainey  indicates  that  NMFS  considers 
the  higher  velocity  screens  developmental  and  that  they  would  prefer  use  of  traditional  criteria. 
Bates  notes  that  the  MES/Eicher  screens  are  dependent  on  high  sweeping  to  approach  velocity 
ratios  (suggests  possibly  a  minimum  4  to  1  ratio)  to  quickly  guide  fish  past  the  screens,  thus 
minimizing  exposure  time.  He  notes  that  use  of  higher  velocity  criteria  likely  should  be  tied  to 
sc^n  size  and  that  development  of  such  criteria  would  be  worthwhile.  He  notes  that  "A 
migrating  salmonid  subjected  briefly  (several  seconds?)  to  an  intake  surrounded  by  a  sweeping 
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flow  that  is  several  multiples  of  the  approach  velocity  and  with  an  approach  velocity  still  less 
than  the  fish’s  burst  swimming  speed  should  not  be  impinged  or  injured."  (See  Document  No. 
170  and  personal  communication  with  S.  Rainey) 

If  a  higher  velocity  criteria  is  pursued,  the  dewatering  facility  may  fall  under  NMFS 
Experimental  Fish  Guidance  Devices  position  statement.  This  statement  requires  for 
experimental  technology: 

(1)  A  thorough  review  of  earlier  research. 

(2)  Development  of  a  study  plan  that  considers  the  full  range  of  possible  hydraulic, 
biological,  and  ecological  conditions  that  the  device  is  expect  to  experience. 

(3)  Conducting  laboratory  experiments  under  controlled  experiments  using  species, 
size,  and  life  stages  intended  to  be  protected. 

(4)  Conducting  prototype  studies  to  (a)  demonstrate  performance  at  all  expected 
operational  and  natural  variables,  (b)  evaluate  the  species,  or  an  acceptable 
surrogate,  that  would  be  exposed  to  the  device  under  full  operation,  and  (c)  avoid 
unacceptable  risk  to  depressed  or  listed  stocks  at  the  prototype  locations. 

If  use  of  higher  velocity  criteria  is  pursued,  the  implications  should  be  explored  further  with  the 
resource  agencies  prior  to  substantive  concept  development.  (See  Document  No.  64) 

3.5  Area  Public  Utility  Districts 

Northern  Wasco  County  PUD,  The  Dalles  Lock  and  Dam 

In  1991,  The  Northern  Wasco  County  Peoples’s  Utility  District  installed  a  5  MW  turbine  and 
a  juvenile  fish  passage  facility.  The  design  and  operations  are  discussed  in  Section  2.5,  herein 
(See  Document  69  &  120).  It  should  be  noted  that  the  system  was  not  designed  to  be  a  surface 
bypass  /collection  system  (SBCS),  but  functions  well  as  a  SBCS. 

Grant  County  PUD,  Wanapum  Dam 

In  1993,  Grant  County  Public  Utility  District  developed  five  (5)  options  for  a  surface  bypass 
system,  of  which  three  (3)  options  have  a  dewatering  system  (See  Summary  No.  6).  In  order 
to  get  a  prototype  system  installed  by  Spring  of  1995,  Grant  County  choose  to  develop  a 
different  option  which  could  be  designed,  fabricated  and  installed  in  the  available  time  frame. 

Much  of  the  1995  Wanapum  surface  bypass  structure  is  a  dewatering  system.  The  dewatering 
structure  screen  includes  angled  vertical  wall  screens  and  an  inclined  floor  screen.  Porosity 
control  in  achieved  using  a  bar  system.  The  screen  is  drafted  by  axial  flow  blowers.  The 
blowers  are  oriented  such  that  the  flow  is  parallel  to  the  powerhouse  intake.  The  bypass  flow 
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of  approximately  500  cfs,  is  high  (See  Summary  No.  7  or  Section  2.6,  herein). 

Grant  County  continued  it’s  SBCS  efforts  by  developing  eleven  (11)  full-scale  SBCS  options  for 
consideration  following  prototype  testing.  All  options,  except  one  (1)  utilize  dewatering 
systems.  The  options  provided  drafting  for  the  dewatering  screens  by  1)  a  blower  into  the 
turbine,  2)  a  venturi  arrangement  into  the  turbine,  3)  a  blocked-out  turbine  bay,  or  4)  the 
spillway  (See  Summary  No.  14). 

Chelan  County  PUD,  Rocky  Reach  Dam 

The  1995  Rocky  Reach  surface  bypass  includes  both  a  primary  and  secondary  dewatering 
system.  The  primary  dewatering  system  uses  angled  verticd  wall  screens  with  no  floor  screen. 
Porosity  control  is  achieved  using  a  perforated  plate  backing.  The  system  is  drafted  by  the 
powerhouse.  The  secondary  dewatering  system  uses  a  vertical  waU  screen  drafted  by  the 
powerhouse  drainage  systems  (See  Document  No.  61  or  Section  2.7,  herein). 

Pacific  Power  and  Light,  Wapatox  Canal  (Naches  Hydroelectric  Project) 

In  1994,  the  Wapatox  “V”  configuration  vertical  waU  screen  bypass  facility  went  on-line.  The 
facility  uses  wedge-wire  screen  with  adjustable  louver  porosity  control.  It  has  been  performing 
weU  except  for  the  handling  of  ice  and  frazU  ice  during  periods  of  extreme  cold.  The  design 
and  operations  are  discussed  in  Section  2.8,  herein  (See  Summary  No.  2  &  Document  No.  119). 

3.6  Corps  of  Engineers  Portland  District 

The  Green  Peter  coUector  and  dewatering  system  has  been  operational  since  1967.  Even  though 
the  coUector  is  largely  inefficient  and  the  bypass  is  in  need  of  re-design,  the  dewatering  faciUty 
reduces  a  200  cfs  flow  to  a  bypass  flow  of  approximately  10  cfs.  The  dewatering  faciUty  uses 
a  circular  bar  screen  (bars  oriented  paraUel  to  the  flow)  with  perforated  plate  porosity  control. 
The  faciUty  was  developed  through  use  of  a  hydrauUc  model  study  (personal  communication  with 
Tony  Norris).  DetaUs  on  fish  exclusion  performance  and  cleaning  characteristics  were  not 
avaUable  as  of  this  writing  (Rock  Peters  wUl  be  contacted  when  he  is  available). 

3.7  Bureau  of  Reclamation 

Reclamation  fish  exclusion  activities  have  traditionaUy  focused  on  screening  irrigation  and  power 
canals,  largely  at  sites  influenced  by  anadromous  runs.  Starting  in  the  mid-1950’s.  Reclamation 
conducted  development  work  on  louver  systems.  Flume  and  prototype  studies  were  conducted 
to  develop  a  louver  system  for  the  Delta-Mendota  Canal  (Tracy  Fish  FacUity),  CaUfomia. 
Louvers  were  pursued  because  of  the  relatively  large  discharge  (4,600  cfs)  and  perceived 
cleaning  problems  associated  with  heavy  debris  loads.  HydrauUc  and  louver  array  detaUs  were 
developed.  The  louvers  were  found  to  have  guidance  efficiencies  in  excess  of  90%  for  71-74 
mm  Chinook  salmon  and  16-34  mm  striped  bass.  Performance  was  found  to  be  species  and  size 
dependent,  (see  Summary  No.  1) 
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In  the  late  1960’s  and  early  1970’s,  Reclamation  actively  supported  the  State  of  California  in  its 
Peripheral  Canal  studies.  Based  on  a  state-of-the-art  review,  screening  options  (including  fixed 
screens  and  sand  filters)  that  offered  the  potential  for  larval  fish  exclusion  from  the  proposed 
21,800  cfs  diverted  flow,  were  explored.  Swimming  endurance  studies  were  conducted  for 
Chinook  salmon  and  American  shad.  Based  on  these  studies,  with  relatively  large  data  scatter, 
the  State  of  California  established  its  0.33  ft/s  normal  component  screening  velocity  criteria. 
Extensive  fouling,  cleaning,  head  loss,  and  corrosion  studies  were  conducted  on  woven  screens, 
wedge- wire  screens,  and  perforated  plate.  Wedge- wire  materials  clearly  showed  the  best  self 
cleaning  characteristics.  Stainless  steel  screens  showed  best  corrosion  resistance  with  aluminum, 
coated  and  uncoated  mild  steel,  and  weathered  steel  showing  considerably  poorer  performance. 
Brushing  was  found  to  offer  the  most  effective  cleaning  mechanism  for  operating  screens.  (See 
Document  No.  168) 

In  the  mid-1970’s.  Reclamation  explored  fine  mesh  inclined  screens  (openings  down  to  0.2  mm) 
to  prevent  transbasin  transport  of  undesirable  fish,  fish  eggs,  and  fish  larvae  in  association  with 
the  Garrison  Project,  North  Dakota.  Laboratory  and  field  filtration  efficiency,  fouling,  cleaning, 
and  hydraulic  characteristic  studies  were  conducted.  High  copper  content  screen  materials 
(monel  and  phosphor-bronze)  were  found  to  reduce  growth  on  the  screens.  However,  because 
of  debris  fouling,  cleaning  systems  were  required  and  consequently  on-screen  growth  was  not 
an  issue.  Back  spray  was  found  to  offer  effective  cleaning  for  operating  screens.  (See  Document 
No.  5) 

Since  the  early  1980’s,  Reclamation  has  been  actively  screening  diversions  on  the  West  Coast. 
Major  screens  (screened  discharges  of  1,200  to  3,000  cfs)  developed  include  Tehama-Cohisa, 
Chandler,  Roza,  Sunnyside,  Easton,  and  Wapato.  All  of  these  structures  are  angled  drum 
screens.  Evaluation  shows  the  screens  to  be  effective  with  descaling  rates  of  less  than  2  % . 
Screen  seal  and  sediment  removal  maintenance  may  be  required.  Typically,  cleaning  (other  than 
the  normal  self-cleaning  that  the  rotating  screen  generates)  is  limited  to  a  once  a  year  spray 
wash.  (See  Summaries  No.  1  and  2) 

Smaller  diversions  are  also  being  screened.  Drum  screens  again  have  been  largely  used  in  the 
Yakima  system.  Wedge-wire  cylinders  with  air  burst  back  flushes  have  been  effectively  used 
at  several  locations.  Reclamation,  in  conjunction  with  the  State  of  California,  is  currently 
screening  hundreds  of  small  agricultural  diversions  (most  less  than  50  cfs)  in  the  Sacramento-San 
Joaquin  delta.  Fixed  vertical  screens  with  continuous  brush  cleaners  and  wedge-wire  cylinders 
with  air-burst  or  water  spray  back  washes  are  largely  being  used.  Reclamation  is  also  currently 
developing  a  fixed  vertical  multiple  "V"  wedge-wire  screen  for  the  3,400  cfs  Glen-Colusa 
Irrigation  District  diversion.  Predator  removal  from  the  secondary  screen  facility  at  Tracy  has 
been  established  as  a  routine  maintenance  operation. 

Reclamation  is  currently  developing  a  fixed  horizontal  modular  screen  concept.  It  is  hoped  that 
this  concept  will  offer  a  reduced  cost  option  for  screening  of  small  diversions.  A  physical  model 
study  was  used  to  develop  internal  porosity  or  sink  control  to  achieve  uniform  velocity 
distributions.  Use  of  internal  vanes  to  modify  sink  characteristics  proved  ineffective  and 
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awkward.  A  variable  porosity  perforated  plate  was  used  effectively  to  generate  an  acceptable 
velocity  distribution.  Field  testing  of  the  concept  is  currently  being  pursued.  Features  including 
a  cleaning  system  (a  sequential  air-burst  system  is  being  considered),  installation  details,  and 
biological  effectiveness  are  yet  to  be  fuUy  developed  and  evaluated.  (Kubitschek  1995) 
Anticipated  future  Reclamation  activities  include  the  continued  screening  of  diversions.  It  is 
anticipated  that  this  activity  will  spread  to  non-anadromous  sites  with  endangered  species 
concerns.  Reclamation  is  also  actively  pursuing  an  upgrade  of  the  Tracy  louver  facility.  Field 
development  of  higher  velocity  fixed  screens  that  could  be  retrofit  to  the  existing  Tracy  structure 
is  being  considered  as  an  interim  improvement. 

3.8  Canadian  Projects 

As  in  the  United  States,  fish  exclusion  priorities  and  perspectives  vary  by  region.  In  the 
Maritime  Provinces,  outmigrant  Atlantic  salmon  passage  has  been  expedit^  through  the  use  of 
surface  collectors  and  bypasses.  At  a  site  on  the  Exploits  River  in  Newfoundland,  forebay 
hydraulics  and  configuration  was  noted  to  funnel  smolt  toward  a  gate  that  was  used  as  a  surface 
bypass.  Likewise,  floating  skimmers  have  been  successfully  used  to  guide  Atlantic  salmon  smolt 
to  surface  bypasses.  (See  Summary  No.  15) 

Similarly  louvers  are  acceptable  and  have  been  used  with  success  in  the  Maritimes.  A  louver 
structure  configured  in  a  single  "V"  located  in  the  diversion  canal  of  the  Ruth  Falls  power  plant 
on  the  East  River,  Sheet  Harbour,  Nova  Scotia  was  evaluated  as  85  %  efficient  in  excluding 
Atlantic  salmon  smolt.  Recent  successful  guidance  of  Atlantic  salmon  smolt  through  use  of  a 
floating  louver  array  at  Holyoke  on  the  Connecticut  River  reflects  increased  Canadian  interest 
in  the  concept.  (See  Summary  No.  15  and  personal  communication  with  C.  Katopodis) 

Ontario  Hydro  has  an  ongoing  program  to  develop  behavioral  controls.  The  devices  have  been 
used  to  prevent  entrainment  or  passage  and  to  provide  guidance  and  attraction  at  both  thermal 
and  hydropower  stations.  Extensive  laboratory  and  field  studies  have  been  conducted  using 
strobe  lights,  mercury  vapor  lights,  and  sound  generators  (pneumatic  poppers,  hammers,  and 
transducer  sound  systems).  Hybrid  barriers  including  various  combinations  of  these  behavioral 
systems  or  use  of  light  and/or  sound  in  conjunction  with  hanging  chains  or  bubble  curtains  have 
also  been  explored.  Success  varies  with  concept,  hydraulic  field,  ambient  background 
conditions,  fish  species,  and  fish  size.  Efficiencies  of  these  devices  vary  from  near  zero  to  over 
90  percent.  Use  of  behavioral  devices  to  improve  attraction  to  surface  collectors  or  to  expedite 
passage  through  bypass  or  dewatering  facilities  is  an  option  to  be  considered.  (See  Summaries 
No.  1  and  2  and  Document  No.  169) 

Screening  has  been  pursued  in  Western  Canada.  Of  particular  note  is  the  BC  Hydro  installation 
at  its  Puntledge  Hydroelectric  Project.  At  this  site,  a  penstock  was  bifurcated  allowing 
installation  of  two  10.5-foot  diameter  Eicher  screens.  The  maximum  approach  velocity  was  6.0 
ft/s.  A  two  year  evaluation  has  been  conducted.  Total  observed  mortalities  (initial  plus  96  hour 
delayed)  for  coho  and  chinook  smolt  passage  are  less  than  1.0  percent.  Losses  associated  with 
back  flush  are  computed  at  1.25  percent.  BC  Hydro  and  the  Canadian  Department  of  Fisheries 
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(CDF)  are  both  pleased  with  the  screens  performance.  To  date,  maintenance  requirements  have 
been  minimal.  At  this  point,  there  is  Canadian  support  of  higher  velocity  screen  concepts.  BC 
Hydro  is  considering  use  of  modular  inclined  screens  at  other  sites.  Berry  ChiUibeck  of  the 
CDF  cautions  that  high  velocity  screens  are  considered  behavioral  devices.  New  installations 
will  be  treated  as  prototypes  requiring  site  (and  fishery)  specific  criteria,  physical  hydraulic 
model  studies,  and  comprehensive  field  evaluation.  (See  Summary  No.  2  and  personal 
communication  with  B.  ChiUibeck  and  H.  Smith) 

ChiUibeck  and  Katopodis  indicate  that  nation  wide  screen  design  criteria  is  being  developed. 
Efforts  are  directed  at  developing  species  and  size  specific  criteria.  Screen  opening  size  will  be 
based  on  design  fish  body  dimensions.  Velocity  criteria  wUl  be  based  either  on  site  specific 
swimming  strength  studies  or  on  conservative  envelope  curves  from  existing  swimming  data. 
Drafts  of  the  criteria  should  be  released  to  the  pubUc  by  late  summer  or  early  faU  1995.  (See 
personal  communication  with  B.  ClulUbeck  and  C.  Katopodis) 


OVERVIEW  OF  DEWATERING  SCREENS  AT  VARIOUS  PROJECTS 
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4.0  FINDINGS,  CRITERIA  AND  RECOMMENDATIONS 


4.1  Screening  for  Juvenile  Salmonids 

All  pertinent  literature  reviewed  focused  on  two  main  concepts  relating  to  dewatering  facilities 
and  components  regardless  of  the  type  of  screening  medium  used.  The  two  concepts  are; 
conventional  “Low-velocity”  screening  and  developmental  “High-velocity”  screening.  Low- 
velocity  screening  is  the  most  widely  used  and  biologically  accepted  dewatering  method  used  to 
date.  In  recent  years,  research  and  development  efforts  in  high-velocity  screening  concepts  have 
shown  that  this  method  may  prove  to  be  an  acceptable  alternative  to  conventional  low-velocity 
methods. 

4.1.1  Low  Velocity  Screening 
Findings 

The  basis  of  low-velocity  screening  is  to  keep  screen  normal  approach  velocities  below  or  near 
the  long  duration  sustainable  swimming  velocity  of  the  species  and  size  of  fish  bypassed.  Low 
normal  approach  velocities  coupled  with  sweeping  velocities,  that  guide  fish  across  the  screen 
face,  minimize  fish  impingement  and  injury.  Agencies  recognize  that  screening  criteria  is  site 
and  species  specific.  However,  general  conservative  guidelines  have  been  developed  to  facilitate 
functional  design  and  engineering.  For  salmonid  fry  (less  than  60.0  mm  length)  maximum 
normal  velocity  criteria  for  low  velocity  screening  is  0.4  feet  per  second  over  the  gross  screen 
area  (National  Marine  Fisheries  Service,  1995a).  The  fry  criteria  should  be  used  in  design 
unless  the  absence  of  fry  and  lack  of  adverse  temperature  conditions  is  verified  (National  Marine 
Fisheries  Service,  1995a;  personal  communication  with  K.  Bates,  Washington  Department  of 
Fish  and  Wildlife).  S.  Rainey  in  personal  communication  indicates  that  with  adequate 
documentation  of  the  fishery,  variances  from  the  criteria  have  been  allowed  at  some  mainstem 
sites. 

Low  velocity  screen  concepts  are  widely  used  and  widely  proven.  Although  many  low  velocity 
screening  concepts  are  cited  in  the  literature  (EPRI/SWEC,  1986;  EPRI/SWEC,  1994a;  ASCE 
Committee  on  Hydraulic  Structures,  1981;  and  many  others)  for  large  surface  collector 
dewatering  facilities;  functional,  low  velocity  screening  options  appear  to  be  limited.  For 
screens  designed  to  conventional  criteria,  the  large  screened  discharges  dictate  large  screen 
surface  areas.  The  relatively  deep  (50  to  60  feet)  surface  collector  intakes  with  near  surface 
bypasses,  conveniently  accept  screens  that  extend  over  the  full  vertical  extent  of  the  structure. 
Traveling  screens  do  not  fit  well  into  the  configured  structures.  Very  likely  either  fixed  wall 
screens  or  fixed  wall  screens  in  combination  with  fixed  floor  screens  will  be  used.  The  current 
use  of  waU  screens,  with  or  without  floor  screens,  reflects  the  general  appropriateness  of  these 
screen  concepts  (CH2M  Hill,  1994;  Sverdrup  Corporation,  1994b).  Although  screening  options 
are  limited,  numerous  features  and  variations  are  available.  Features  including  screen  medium, 
screen  material,  porosity  control,  sink  control,  cleaning,  drafting  mechanism,  and  dewatering 
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structure  configuration  should  be  addressed  in  development  of  the  conceptual  design. 
Criteria 


The  dewatering  system  and  screen  designs  shall  be  in  accordance  with  the  National  Marine 
Fisheries  Service  Juvenile  Fish  Screening  Criteria  dated  February  16,  1995.  These  criteria  are 
summarized  in  the  sections  to  which  they  apply: 

•  Guidelines  apply  to  hydroelectric,  irrigation,  and  other  water  withdrawal  projects  with 
site-specific  waivers  or  modifications  considered  for  extenuating  circumstances. 

•  NMFS  may  require  additional  investigations  at  sites  where  site-specific  variables  are 
poorly  defined. 

•  All  designs  must  reflect  NMFS  design  criteria  and  input,  be  acceptable  to  NMFS, 
properly  function  through  the  full  range  of  hydraulic  conditions,  and  account  for  debris 
and  sedimentation  conditions. 

•  Approach  Velocity: 

-  Limited  to  0.4  fps  for  salmonid  fry  (less  than  60  mm  in  length)  assumed  present  at 
all  sites. 

-  Limited  to  0.8  ^s  for  salmonid  fingerlings  (60  mm  and  longer). 

-  Required  uniform  flow  distribution  over  the  entire  screen  area. 

•  Sweeping  Velocity: 

-  Required  to  be  greater  than  approach  velocity. 

-  Screen  angle  less  than  45  degrees  relative  to  flow. 

Recommendations 


Functional  screening  options  are  limited.  Use  fixed  wall  screens  or  fixed  wall  screens  in 
conjunction  with  fixed  floor  screens  designed  to  the  National  Marine  Fisheries  Service  juvenile 
criteria  revised  February  16,  1995. 

4.1.2  High  Velocity  Screening 

Findings 

High  velocity  screens  (Richer  and  Modular  Inclined  Screens)  offer  a  relatively  new  screening 
concept  that  has  recently  undergone  extensive  laboratory  and  prototype  development  (Richer, 
1982;  RPRI/SWRC  1994b).  The  concept  of  high  velocity  screening  is  based  on  maintaining  high 
sweeping  to  normal  velocity  ratios  that  minimize  fish  impingement  by  quickly  moving  fish  past 


4-2 


the  screens  even  though  the  through-screen  or  normal  velocities  substantially  exceed  conventional 
criteria.  High  velocity  screens  depend,  in  part  on  a  fish  behavior  of  short  duration  burst 
avoidance  of  the  screens  to  limit  impingement. 

Eicher  screens  at  Puntledge  Dam  in  British  Columbia  and  Elwha  Dam  in  Washington  supply 
limited  field  verification  of  these  concepts.  A  Modular  Inclined  Screen  (MIS)  will  be  installed 
and  evaluated  at  Green  Island,  New  York,  later  in  1995.  The  screens  which  are  installed  in 
rectangular  or  circular  cross-section  conduits,  clean  by  pivoting  and  back-flush.  Both  biological 
and  operational  prototype  performance,  to  date  have  been  good.  The  screens  have  effectively 
screened  80  mm  or  longer  steelhead,  coho,  and  chinook  smolt  with  total  passage  mortalities  of 
less  than  1.0  percent  (EPRI/SWEC,  1994b;  personal  communication  with  Hugh  Smith  of  BC 
Hydro).  The  screens  have  proven  to  be  functional  with  low  maintenance. 

Because  of  the  higher  through  screen  velocities,  required  screen  surface  area,  as  compared  to 
low  velocity  screens,  is  greatly  reduced.  As  a  consequence  high  velocity  screens  may  supply 
a  lower  cost  option.  Although  Steve  Rainey  of  the  National  Marine  Fisheries  Service,  in 
personal  communication,  recognizes  the  possibility  of  use  of  high  velocity  screens  for 
dewatering;  he  also  states  his  preference  for  the  conventional  criteria.  Typically  the  resource 
agencies  (National  Marine  Fisheries  Service,  Washington  Department  of  Fish  and  Wildlife, 
Canadian  Department  of  Fisheries)  feel  that  even  though  the  high  velocity  screens  show 
potential,  they  are  still  developmental  (Bates  and  Hayes,  1995;  personal  communication  with  B. 
ChiUibeck  of  The  Canadian  Department  of  Fisheries).  The  resource  agencies  should  be 
consulted  before  high  velocity  concepts  are  substantively  pursued. 

Criteria 


High  velocity  screens  are  developmental.  Standard,  accepted  design  criteria  are  not  available. 
Currently  screens  are  designed  based  on  site  specific  performance  requirements  as  referenced 
to  available  prototype  and  laboratory  study  findings.  The  Elwha  studies  evaluated  descaling  and 
survival  rates  with  penstock  velocities  ranging  from  4.0  to  7.8  ft/s  for  steelhead,  coho,  and 
Chinook  smolts;  coho,  and  chinook  pre-smolts;  and  steelhead  and  coho  fry  (EPRI/SWEC, 
1994b).  Based  on  observed  survival  rates  at  Elwha  and  site  specific  head  loss  limitations,  the 
Puntledge  screens  were  designed  for  a  maximum  penstock  velocity  of  6.0  ft/s.  Detailed 
laboratory  hydraulic  and  fish  passage  studies  of  a  1:3.3  scale  MIS  model  have  been  conducted 
with  conduit  velocities  ranging  from  2.0  to  10.0  ft/s.  The  Green  Island  installation  will,  in 
effect,  be  a  1:2  scale  prototype  field  installation  that  will  be  evaluated  at  conduit  velocities 
ranging  from  2.0  to  8.0  ft/s. 

Recommendations 


High  velocity  screens  should  be  condisered  in  conceptual  design  with  evaluation  of  associated 
cost  savings,  performance  uncertainies  and  verification  requirements. 
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4.2  Screen  Medium  (Type) 
Findings 


Alternatives  include  use  of  perforated  plate,  wedge-wire,  or  woven  screens.  Based  primarily 
on  the  California  Peripheral  Canal  studies  (Odenweller  and  Brown,  1982),  wedge- wire  is 
perceived  to  offer  better  self  cleaning  characteristics  with  minimal  fish  injury  or  descaling.  1994 
biological  testing  of  prototype  vertical  barrier  screens  at  McNary  Dam,  however,  show  6X6 
polyester  mesh  to  preform  similarly  to  wedge-wire  and  suggested  that  for  certain  species  the 
mesh  actually  yielded  reduced  fish  injury/descaling.  Through  screen  velocities  for  the  McNary 
tests  exceed  NMFS  FRP  Criteria.  Likewise  mechanical  cleaning  was  not  used  at  McNary  on 
the  vertical  barrier  screens. 

Based  on  experience  at  many  sites  both  wedge-wire  and  perforated  plate  have  been  found  to  be 
durable  when  exposed  to  extended  operation  with  physical  cleaning  using  brushes.  Wedge-wire 
is  the  most  expensive  of  the  alternative  mediums.  If  the  dewatering  facUity  is  designed  to  the 
relatively  conservative  fry  velocity  criteria  (National  Marine  Fisheries  Service,  1995a)  which 
minimizes  the  potential  for  fish  impingement,  and  if  a  cleaning  mechanism  is  provided  (which 
it  likely  wiU  be);  then  self  cleaning  and  descaling  are  not  major  issues  and  the  benefits  of  use 
of  wedge-wire  are  limited.  Perforated  plate  offers  a  lower  cost,  functional  medium  which  may 
be  attractive  considering  the  large  screen  surface  areas  required. 

For  high  velocity  screens,  head  loss  across  is  sensitive  to  fouling  (EPRI/SWEC,  1994b). 
Likewise,  high  velocities  tend  to  exaggerate  the  potential  for  fish  injury  or  descaling 
(EPRI/SWEC,  1994a;  EPRI/SWEC,  1994b).  Because  of  its  good  cleaning,  fish  handling,  and 
durability  characteristics,  wedge- wire  is  the  preferred  medium  for  high  velocity  screen  concepts. 

Criteria 


Screen  Face  Material: 

-  Salmonid  fry  assumed  present  at  aU  sites  unless  proven  otherwise  requiring  the 
following  screen  material  criteria: 

Maximum  perforated  plate  openings  of  3/32  or  0.0938  inches  (2.38  mm). 
Maximum  bar  screen  openings  of  0.0689  inches  (1.75  mm). 

Maximum  woven  wire  screen  openings  of  3/32  or  0.0938  inches  (2.38  mm)  in  the 
narrowest  direction. 
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-  If  salmonid  fry  are  proven  to  be  absent  from  site,  the  following  screen  material 
criteria  may  be  used: 

Maximum  perforated  plate  openings  of  1/4  or  0.25  inches  (6.35  mm). 

Maximum  bar  screen  openings  of  1/4  or  0.25  inches  (6.35  mm). 

Maximum  woven  wire  screen  openings  of  1/4  or  0.25  inches  (6.35  mm)  in  the 
narrowest  direction. 

Recommendations 


For  low  velocity  dewatering  facilities  use  perforated  plate  that  complies  with  the  National  Marine 
Fisheries  Service  Juvenile  Fish  Screen  Criteria  revised  February  16,  1995.  Site  specific 
variances  from  the  NMFS  criteria  may  be  allowed  based  on  documentation  of  the  local  fishery. 
For  high  velocity  facilities,  use  wedge-wire  as  developed  and  verified  with  the  specific  screen 
concepts. 

4.3  Screen  Construction  Materials 
Findings 

Fish  screens  have  be  fabricated  from  materials  include  stainless  steel,  mild  steel  (either  coated 
or  uncoated),  aluminum,  non-metaUic,  or  high  copper  content  alloys.  Issues  to  consider  in 
selection  of  an  appropriate  material  include  intended  screen  life,  control  of  growth  on  screens, 
corrosion  resistance,  and  abrasion  resistance. 

High  copper  content  screens  or  screens  coated  with  anti-fouling  materials  could  be  pursued  if 
growth  on  the  screens  was  a  concern.  With  surface  collector  systems,  however,  the  primary 
fouling  source  appears  to  be  water  transported  debris.  Use  of  most  active  cleaning  systems,  one 
of  which  likely  wiU  be  included  with  dewatering  facilities,  would  maintain  clean  screens  and 
negate  the  need  for  control  of  growth  on  the  screens. 

Grant  County  PUD  has  found  that  mild  steel  experiences  excessive  corrosionwhich  lead  to 
perforated  plate  failure.  As  a  consequence,  Grant  County  PUD  selected  stainless  steel  perforated 
plate  for  the  Wanapum  prototype  surface  collector  dewatering  facility  (personal  communication 
with  Steve  Brown  of  Grant  County  PUD).  Typically  wedge-wire  screens  are  also  fabricated 
from  stainless  steel.  The  California  Peripheral  Canal  studies  show  stainless  steel  to  be  a 
durable,  low  corrosion  material.  However,  aluminum  showed  moderate  corrosion  while  mUd 
steel  (both  coated  and  uncoated)  showed  substantial  corrosion  (Odenweller  and  Brown,  1982). 

Broad  experience  reflected  in  the  site  visits  and  in  the  literature  demonstrate  that  metallic  screens 
(in  particular  wedge-wire  and  perforated  plate)  are  durable  when  exposed  to  extended  cleaning 
with  brush,  back-spray,  or  air-burst  systems. 

Selection  of  an  appropriate  screen  material  depends  on  the  desired  screen  life.  For  a  permanent 
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installation  use  of  stainless  steel  is  recommended.  For  limited  life  prototype  facilities  use  of 
aluminum  or  zinc  coated  mild  steel  may  be  options. 

Recommendations 

Selection  of  an  appropriate  screen  material  depends  on  the  desired  screen  life.  For  a  permanent 
installation  use  of  type  304  stainless  steel  is  recommended.  For  limited  life  prototype  facilities 
use  of  aluminum  or  zinc  coated  mild  steel  may  be  options. 

4.4  Porosity  Control 

Findings 

Depending  on  the  screen  and  sink  (the  screened  flow  outlet  section  from  the  dewatering  facility) 
geometry,  and  their  spacial  relationship  to  each  other,  there  will  be  a  variation  in  the  potential 
distribution  across  the  screen  surface  and  thus  variation  in  through  screen  velocity  distributions. 
Options  available  to  adjust  velocity  distributions  include  locally  restricting  the  flow  path  through 
the  screen  and  thus  locally  reducing  through  screen  velocities  (porosity  control)  or  modifying 
the  sink  characteristics  in  an  attempt  to  generate  a  uniform  potential  field  across  the  screen  (sink 
control  discussed  below). 

Porosity  control  options  include  using  a  fixed  control  that  likely  would  be  developed  through  use 
of  a  hydraulic  model  study.  The  model  would  be  used  to  evaluate  through  screen  velocity 
distributions  and  identify  required  porosity  adjustments.  Fixed  porosity  control,  such  as  the 
perforated  plate  backing  at  Rocky  Reach  (Chelan  County  Public  Utility  District,  1995;  CH2M 
HiU,  1994),  offers  the  lowest  cost  option.  This  however  may  be  offset  by  the  cost  and  time 
associated  with  a  hydraulic  model  study.  Fixed  porosity  control  likewise  is  not  easily  modified 
and  thus  adjustments  for  model/prototype  variations  or  operational  changes  are  not  easily 
achieved. 

Adjustable  porosity  control  (such  as  the  adjustable  vertical  louvers  at  Wapatox  -  note  site  visit 
documentation)  when  coupled  with  relatively  simple  screen  and  sink  geometry  may  allow  design 
without  a  model  study.  Note  that  more  complex  screen  and  sink  geometries  will  generate  three 
dimensional  velocity  distributions  through  the  screen  which  will  be  difficult  to  adjust  in  the  field. 
Two  dimensional  screen  and  sink  arrangements  like  the  "V"  screen  at  Wapatox  allow  a  good 
opportunity  for  field  adjustment.  Cost  of  field  adjustable  porosity  control  and  cost  of  field 
adjustment  may  be  significant. 

Options  for  adjustable  porosity  control  include  rotating  vertical  louvers  such  as  at  Wapatox, 
vertical  or  horizontal  stoplogs  with  spacers,  and  sliding/overlapping  perforated  plate.  The 
Wapatox  system  was  functional  for  that  size  of  facility  but  may  be  difficult  to  use  with  50  to  60 
feet  high  sections.  The  specific  fixed  horizontal  stoplog  design  (note  site  visit  documentation) 
used  at  the  Dalles  Dam  by  the  Northern  Wasco  County  PUD  is  cumbersome  and  is  not 
recommended. 
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Recommendations 


If  porosity  control  is  selected  to  generate  velocity  distribution  control,  and  if  screen  and  sink 
geometry  is  anything  other  and  a  simple  two  dimensional  arrangement;  then  a  physical  hydraulic 
model  study  should  be  conducted  and  fixed  porosity  control  developed.  If  time  is  critical 
(insufficient  time  to  conduct  a  model  study),  then  screen  and  sink  geometry  should  be  simplified 
and  adjustable  porosity  control  supplied. 

4.5  Sink  Control 

Findings 

The  sink  or  outlet  section  is  the  source  of  potential  that  draws  flow  through  the  screen.  As 
noted  above  the  interaction  between  the  potential  field  that  is  generated  by  the  sink  and  the 
screen  surface,  with  influences  from  the  flow  field  above  the  screen  and  secondary  flow  patterns, 
controls  the  through  screen  velocity  distributions.  By  controlling  the  sink  characteristics  the 
potential  field,  and  thus  through  screen  velocity  distributions,  can  be  adjusted.  Although  not 
widely  reported  on  in  the  literature,  sink  moditication  is  widely  used  in  the  Northwest.  Probably 
the  best  available  document  of  screen/ sink  interaction  is  that  by  L.E.  Cook,  unknown. 

By  using  multiple  gates  or  weirs  to  draw  off  of  a  withdrawal  pool  (the  discharge  pool  behind  the 
screens),  the  sink  can  be  spread  over  the  length  of  the  screen.  Use  of  adjustable  gates  and  weirs 
also  allows  local  modification  of  the  potential  field.  Depending  on  the  extent  of  the  withdrawal 
pool,  such  an  approach  may,  however,  continue  to  generate  local  high  potential  or  high  velocity 
"hot  spots". 

By  using  larger,  low  head  loss  withdrawal  pools  (losses  across  pool  are  small  as  compared  to 
losses  across  the  screen),  local  "hot  spots"  can  be  dampened  and  a  uniform  potential  field  can 
be  created.  Elements  that  create  large  head  losses  (as  compared  to  other  potential  losses  in  the 
system)  could  also  be  inserted  between  the  sink  and  the  screens  to  create  a  uniform  sink. 
Assuming  then  a  relatively  uniform  potential  field  above  the  screens,  a  uniform  differential 
across  the  screens  with  corresponding  uniform  through  screen  velocity  distributions  could  be 
achieved.  Such  systems  however  may  reduce  the  ability  to  locally  compensate  for  velocity 
variations. 

The  screen  and  sink  may  also  be  segmented  with  walls  or  baffles  which  would  allow  for 
segmented  adjustment  of  potential.  Secondary  flow  patterns  and  local  screen  and  sink  geometry 
likely  wiU  however,  likely  continue  to  create  local  "hot  spots". 

All  of  the  above  options  consume  head  which  may  limit,  depending  on  concept  and  site,  their 
application.  Concepts  using  multiple  gates  or  weirs  may  require  a  second,  parallel,  transport 
conduit.  In  general  sink  control  uses  more  head  and  requires  more  structure  than  porosity 
control. 
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The  advantage  of  sink  control,  if  done  correctly,  is  that  it  allows  generation  of  relatively  uniform 
through  screen  velocity  fields  without  use  of  physical  model  studies  or  without  awkward  field 
adjustment  of  porosity  controls.  Likewise  sink  control  offers  more  three  dimensional  velocity 
adjustment  possibility  than  field  adjustable  porosity  control. 

As  with  porosity  control,  sink  control  can  be  either  fixed  or  adjustable.  Existing  adjustable  sink 
control  (such  as  used  on  the  secondary  dewatering  facility  at  Rocky  Reach  or  on  the  dewatering 
facilities  at  McNaiy ,  Lower  Monumental,  or  Little  Goose  -  note  site  visit  documentation)  consist 
of  gates  or  weirs  off  of  the  discharge  pool.  A  clear  advantage  for  this  type  of  system  is  its 
convenience  for  field  adjustment. 

Recommendations 


If  a  physical  model  study  is  not  used  to  develop  fixed  porosity  control,  adjustable  sink  control 
should  be  considered  as  an  option  to  adjustable  porosity  control.  In  particular,  if  screen  or  sink 
geometry  is  clearly  three  dimensional  and  a  model  study  is  not  used,  sink  control  is  the  best 
option  for  through  screen  velocity  distribution  control. 

4.6  Cleaning 

Findings 

Fixed  screen  cleaning  devices  in  use  include  air  burst  systems,  back  flush  (pump  back)  systems, 
back  spray  systems,  and  brush  systems.  Use  of  effective  cleaning  systems  is  critical  to 
sustaining  effective  screening.  Poorly  designed  or  ineffective  cleaning  systems  (Leaburg- 
EPRI/SWEC,  1994a;  Rocky  Reach  site  visit)  can  yield  debris  roughened  screen  surfaces  with 
elevated  differentials  and  through  screen  velocities  or  loss  of  screening  capacity. 

Air  burst  cleaning  systems  are  increasingly  being  applied  to  fixed,  wedge-wire,  floor  screens. 
The  concept,  which  is  widely  used  and  proven  for  cleaning  cylindrical  wedge-wire  screens,  uses 
the  passage  of  large  air  bubbles  up  and  through  the  screen  to  lift  debris  off  of  the  screen  surface 
and  into  the  sweeping  flow  above  the  screen.  The  flow  then  carries  the  debris  downstream  and 
away.  By  sequentially  cleaning  from  upstream  to  downstream,  the  full  screen  surface  is  cleaned. 
A  screw  type  compressor  with  an  accumulator  tank  is  used  to  supply  air  to  a  series  of  oiificed 
sparger  pipes.  Sequential  operation  is  controlled  using  a  programmed  controller  with  solenoids. 
Frequency  of  cleaning  can  be  controlled  by  timer  or  by  monitoring  differential  or  screen  over¬ 
flow.  No  moving  parts  or  controls  are  submerged.  Limited  experience  is  currently  available 
on  floor  screen  cleaning.  An  air  burst  system  has  been  effectively  applied  at  the  Twin  Falls 
Hydroelectric  Project  (Ott  and  Jarret,  1991).  Pacific  Gas  and  Electric  Company  has  conducted 
prototype  studies  to  develop  an  air  burst  system  for  its  Potter  Valley  intake.  The  Walla  Walla 
District  of  the  Corps  of  Engineers  is  exploring  use  of  an  air  burst  system  on  the  dewatering 
facility  at  Lower  Monumental  Dam  (note  site  visit  documentation).  Although  not  fuUy  proven, 
it  appears  that  air  burst  systems  offer  a  low  maintenance,  effective  cleaning  alternative  for  floor 
screens. 
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Flow  reversal  back  flushing  is  proposed  for  cleaning  of  the  prototype  dewatering  screens  at 
Wanapum.  As  of  the  early  May  visit,  the  pumps  had  not  been  reversed  (the  pumps  must  be 
removed  and  physically  reversed)  and  back  flushing  had  not  been  attempted  (note  site  visit 
documentation).  Flow  reversal  back  flushing  has  been  attempted  with  wedge-wire  cylinders. 
The  Delmarva  Power  and  Light  Company  (Key  and  Miller,  1977)  found  that  in  an  estuary 
setting,  biofouling  (direct  growth  on  the  stainless  steel  screens)  generated  the  most  stubborn 
cleaning  problems.  Flow  reversal  back  flushing  was  routinely  effective  in  cleaning  the  screens. 
However  with  time  (two  to  three  weeks  during  the  high  growth  period),  biofouling  would 
increase  head  loss  and  in  turn  increase  the  detritus  fouling  rate.  Flow  reversal  would  not  totally 
remove  the  biofouling.  Consequently  on  a  21  day  interval,  the  screens  were  removed  and 
manually  cleaned.  Direct  comparisons  to  biofouling  in  a  Chesapeake  Bay  estuary  are 
questionable.  However  the  point  should  be  noted  that  flow  reversal  back  flushing  will  likely  not 
effectively  remove  biofouling  growth  on  low  velocity  screens.  Back  flushing  in  higher  velocity 
flow  fields  such  as  with  the  Eicher  screens  (EPRI/SWEC,  1994b)  and  with  gate  well  screens 
(Kcrma,  et.  al. ,  unknown)  has  proven  effective. 

Back  sprays  have  been  effectively  used  to  clean  operating  screens  at  a  limited  number  of  sites. 
Screens  effective  cleaned  include  a  fixed  inclined  screen  for  the  Bureau  of  Reclamation’s 
Garrison  Diversion  (Johnson  and  Grabowski,  1980);  conical  screens  at  various  Russian  sites 
(Pavlov  and  Pakhorukov,  1974);  and  most  noticeably  the  vertical,  fixed,  multiple  "V"  screens 
of  the  Eugene  Water  and  Electric  Board  at  their  Leaburg  facility  (EPRI/SWEC,  1994a).  At 
Leaburg,  wedge-wire  screen  panels  are  effectively  cleaned  by  a  rotary  spray  backwash  system. 
Cleaning  is  activated  through  monitoring  of  differential  across  the  screen.  The  rotary  spray  does 
not  fuUy  cover  the  rectangular  screen  surfaces.  Consequently,  periodically  screen  panels  must 
be  pulled  and  pressure  washed.  Back  spray  cleaning  does  offer  a  cleaning  option.  Use  of 
sprays,  however,  require  use  of  either  traveling  screens  past  the  spray  or  use  of  a  traveling  spray 
system. 

The  most  widely  used  fixed  screen  cleaning  systems  use  traveling  brushes.  The  literature 
contains  many  references  citing  effective  use  of  brush  systems  (EPRI/SWEC,  1986; 
EPRI/SWEC,  1994a).  Likewise  site  visits  showed  broad  use  of  brush  systems  (note  site  visit 
documentation).  Brush  systems  typically  track  horizontally  across  the  screen  faces.  The  brush 
systems  are  generally  effective  on  rectangular  surfaces.  Difficulty  arises  in  maintaining  effective 
tracking  and  cleaning  on  transition  sections  where  section  width  is  changing  (note  site  visit 
documentation  for  McNary,  Lower  Monumental,  Little  Goose,  and  The  DaUes/Northem  Wasco). 

As  with  spray  systems,  brush  systems  travel  and  require  a  supporting  drive  mechanism.  Most 
sites,  with  the  exception  of  Wanapum  and  Lower  Granite,  had  a  mechanical  driver.  It  appears 
that  the  system  used  at  Little  Goose  was  the  simplest  and  most  reliable  design  for  an  inclined 
floor  screen.  The  brush  assembly  is  driven  by  a  sprocket  and  conveyor  chain  on  both  sides  of 
the  channel.  The  submerged  chain  is  covered  to  prevent  potential  damage  to  the  fish.  When 
the  brush  is  not  in  use,  it  is  stored  above  the  water  surface  adjacent  to  the  power  train.  The 
brush  and  power  train  are  easily  accessible  for  inspection  and  maintenance. 
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Wall  screens,  such  as  at  Wapatox  and  Northern  Wasco  Co.  PUD,  are  cleaned  with  a  cantilever 
brush  supported  on  a  horizontal  traveling  trolley.  At  Wapatox  the  entire  brush  assembly, 
hydraulics,  and  driver  are  contained  in  an  elevated  commercially  available  unit,  manufacture 
by  Atlas  Polar  Company  Limited,  Toronto,  Ontario.  Similar  equipment  is  manufactured  by 
BIERI  HYDRAULIK,  Liebefeld  Switzerland  and  Acme  Engineering  Co. ,  Cordele,  GA.  The 
troUey  travels  on  a  light  gauge  rail  with  a  conveyor  chain  and  sprocket  drive.  A  festoon  system 
is  provided  to  deliver  electrical  power.  Limit  switches  are  integral  to  the  trolley  with  trigger 
stops  mount  on  the  rail  system.  Brush  pressure  and  brush  removal  from  the  flow  path  is  by 
hydraulic  cylinders.  The  most  significant  advantage  of  the  system  is  that  it  is  easily  accessible 
for  inspection  and  maintenance. 

The  Northern  Wasco  Co.  PUD  cleaning  system  took  the  opposite  approach  to  Wapatox.  The 
power  train  is  fixed  and  the  trolley  is  mov^  by  a  friction  cable.  Brush  pressure  is  obtained  by 
a  counter  weight.  The  overall  system  is  simpler  than  Wapatox  but  inspection  an  maintenance 
is  more  difficult.  The  brush  remains  in  the  water  when  stored,  the  trolley  is  below  deck  level, 
and  the  limit  switches  are  at  the  end  of  travel.  Due  to  the  simpler  design,  maintenance  should 
be  less  than  Wapatox  and  provides  a  reasonable  design  for  wall  screen  cleaning. 

Criteria 


*  Operations  and  Maintenance: 

-  Automatically  cleaned  as  necessary. 

-  Head  differential  to  trigger  cleaning  shall  be  maximum  of  0.1  feet. 
Recommendations 


Brush  systems  or  brush  systems  used  in  conjunction  with  air  burst  systems  (brush  systems  used 
with  wall  screens  and  air  burst  systems  with  floor  screens)  offers  a  generally  proven  and 
workable  concept.  The  commercial  (Atlas  Polar  or  BIERI  HYDRAULIK)  type  drives  are 
recommended  for  use  with  the  brush  system. 

4.7  Drafting  Mechanism 

Findings 

An  energy  source  must  be  tapped  to  drive  the  flow  through  the  surface  collector  and  dewatering 
system.  Alternatives  include: 

1.  Using  axial  flow  pumps  or  blowers  to  return  the  screened  flow  from  the  dewatering 
system  to  the  forebay. 

2,  Using  gravity  driven  flow  by  discharging  the  screened  flow  from  the  dewatering 
system  through  the  spillway. 
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3.  Venting  to  a  reduced  pressure  region  in  the  penstock  intake  and  thus  passing  the 
screened  dewatering  system  flow  through  associated  turbines. 

Axial  flow  pumps  are  currently  being  used  to  drive  flow  through  the  prototype  surface  collector 
and  dewatering  system  at  Wanapum  (Sverdrup  Corporation,  1994b;  site  visit  documentation). 
Discussion  with  Steve  Brown,  of  Grant  County  PUD,  indicates  that  although  the  pumped  system 
is  satisfactory.  Grant  County  PUD  would  likely  pursue  turbine  drafting  for  a  permanent 
installation.  Steve  Rainey  of  the  NMFS  expressed  concern  that  pumping  may  generate  noise  that 
will  yield  fish  avoidance  of  the  surface  collector. 

Discharging  through  the  spillway  yields  loss  of  water  and  possible  loss  of  generated  power. 
Loss  of  spiU  capacity  or  adverse  influence  on  reservoir  control  may  also  be  issues. 

Venting  through  the  turbines  is  an  attractive  alternative.  Possible  drawbacks  include  a  slight 
(approximately  0.2  to  0.5  foot)  increase  in  penstock  head  loss,  the  limited  head  that  can  be 
created  which  may  restrict  the  dewatering  facility  design,  and  a  requirement  that  vented  turbines 
be  base  loaded.  To  generate  a  significant  venting  differential,  flow  velocities  in  the  venting 
region  of  the  penstock  intake  likely  must  be  increased.  Since  the  most  convenient  venting 
location  is  at  the  trashracks,  the  potential  exists  that  increased  velocities  will  generate  trashrack 
vibration. 

Flow  rate  control  is  supplied  with  each  of  the  alternative  drafting  mechanisms.  Selection  of  the 
number  of  operating  pumps  (14  pumps  total  -  12  used  at  any  one  time  at  Wanapum)  would  be 
used  with  the  pump  back  concept  to  control  total  flow  rate.  Gravity  discharge  through  the 
spillway  is  controlled  by  the  spillway  gate.  Venting  to  the  penstock  would  be  controlled  by  a 
gate  on  the  venturi  shroud  drafting  the  penstock  intake. 

Maximum  drawdown  and  differential  loading  on  the  dewatering  structure  could  occur  if  the 
screens  should  plug  as  drafting  continues.  Drafting  with  the  spUlway,  and  to  a  lesser  extent 
pumped  drafting,  have  the  potential  to  load  the  dewatering  structure  to  failure.  As  a 
consequence,  relief  panels  may  be  required  with  these  drafting  mechanisms.  Because  the 
drafting  capability  of  the  penstock  intakes  is  limited  by  the  velocity  head,  based  on  design  details 
the  maximum  drafting  differential  is  approximately  1.0  ft. 

Recommendations 


If  possible,  considering  the  above  limitations,  flow  should  be  driven  through  the  surface  collector 
and  dewatering  facility  by  drafting  on  a  turbine  or  turbines.  If  additional  head  is  required  or  if 
base  loading  of  an  unit  is  not  feasible,  than  pumping  or  discharging  to  the  spillway  offer  options. 
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4.8  Configuration 
Findings 


The  dewatering  facility  can  take  many  configurations.  Significant  factors  include  screen 
geometry,  sink  geometry,  drafting  mechanism,  schedule  (time  to  conduct  a  hydraulic  model 
study),  cleaning,  transition  to  existing  bypass,  and  possible  reuse  of  portions  of  existing  facilities 
(such  as  the  1996  surface  collector  structure  for  Lower  Granite).  Many  of  these  factors  are  site 
specific  and  at  this  point  cannot  be  generalized.  Configuration  strongly  influences  both  the 
effective  functioning  of  the  dewatering  facility  and  the  cost  of  the  facility.  Configuration 
selection  requires  creative  design  and  offers  substantial  cost  benefit. 

Dewatering  facility  design  should  include  identifying  surface  collector  intake  location,  drafting 
locations,  and  bypass  locations.  Possible  conduit  configuration  are  thus  established.  Note  that 
the  flow  distribution  at  the  dewatering  screens  can  be  strongly  influenced  by  the  approach  flow 
distribution  which  in  turn  is  strongly  influenced  by  surface  collector  intake  location  with  respect 
to  the  screens  and  by  the  length  and  orientation  of  the  approach  conduit  to  the  screens.  It  is 
difficult  to  correct  poor  flow  distribution  at  the  screens  through  use  of  either  porosity  or  sink 
control.  Care  should  be  taken  to  establish  good  approach  flow  distribution  (Johnson,  1988). 
Rocky  reach  and  Wanapum  supply  good  examples.  With  the  Rocky  Reach  prototype  surface 
collector  the  flow  transitions  directly  from  the  forebay  through  the  collector  intake  and  into  the 
dewatering  screen  section  (Chelan  County  Public  Utility  District,  1995).  Hydraulic  model 
studies  were  used  to  establish  a  structure  configuration  that  yielded  good  flow  distribution.  On 
the  other  hand  with  the  Wanapum  surface  collector  flow  enters  the  conduit  normal  to  the  screen 
alignment.  Sufficient  conduit  length  however  was  included  to  allow  establishment  of  adequate 
flow  distribution  at  the  dewatering  screens  (Sverdrup  Corporation  1994a). 

Containment  structure  configurations  for  the  dewatering  screens,  possible  sink  locations,  and 
possible  screen  configuration  are  then  established.  Configurations  should  be  selected  with 
consideration  of  the  sink  generated  potential  field,  in  an  attempt  to  reduce  required  porosity  or 
sink  control.  It  should  be  established  whether  a  hydraulic  model  study  will  be  conducted.  If 
a  model  study  is  not  done,  screen  and  sink  configuration  should  be  as  simple  as  possible 
(preferably  two  dimensional).  If  a  model  study  is  conducted  then  configurations  should  be 
selected  to  minimize  structure.  Again  the  prototype  facilities  at  Rocky  Reach  and  Wanapum 
demonstrate  the  alternatives.  Model  studies  were  conducted  for  Rocky  Reach  and  consequently 
screens  were  positioned  to  optimize  transition  from  the  collector  (basically  the  collector  and  the 
screens  are  one).  Variations  in  the  through  screen  velocity  field  were  corrected  for  through  use 
of  fixed  porosity  control  developed  using  the  model  (Chelan  County  Public  Utility  District, 
1995).  Wanapum,  however  did  not  use  a  model  study.  As  a  consequence  a  long  approach 
conduit  was  included  in  the  design  to  establish  an  adequate  approach  flow  distribution.  The 
screens  and  sink  were  then  symmetrically  configured  (Sverdrup  Coiporation,  1994a). 

Drafting  mechanism  is  also  a  major  factor.  In  particular  if  the  penstock  is  drafted,  available 
head  wiU  be  small.  Designs  should  be  pursued  that  establish  acceptable  velocity  distributions 
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while  minimizing  losses.  Again  Rocky  Reach  with  porosity  control  that  minimizes  head  loss  and 
a  large  cross-section  (low  velocity)  conduit  between  the  screens  and  the  sink  is  a  good  example 
(Chelan  County  Public  Utility  District,  1995). 

Desired  methods  for  porosity  and/or  sink  control  and  screen  cleaning  should  also  be  identified. 
Porosity  and  sink  control  options  will  be  appropriate  for  fairly  specific  structure  and  screen 
configurations  and  wiU  limit  dewatering  facility  configuration.  With  respect  to  cleaning,  as 
Rocky  Reach  shows,  addressing  cleaning  after  the  fact  can  be  very  awkward  (note  site  visit 
documentation).  Screens  and  structure  should  be  configured  with  cleaning  in  mind. 

With  the  above  influences  in  mind,  structure  optimization  and  cost  become  major  factors. 
Various  structure  configurations  should  be  developed  and  cost  evaluated.  Through  creative 
engineering,  an  effective  site  and  structure  specific  facility  can  then  be  developed. 

Criteria 


Structure  Placement: 

-  In  rivers,  desirable  for  screen  face  parallel  to  river  flow. 

-  In  rivers,  desirable  for  screen  location  at  iotake  or  have  return  transportation 
facilities. 

-  In  reservoirs,  desirable  for  intake  location  offshore  with  allowable  approach 
velocities. 

-  In  reservoirs,  screened  intake  diversion  should  provide  most  appropriate  juvenile 
attraction  and  water  temperature. 

Civil  Works  and  Structural  Features: 

-  Screen  surfaces  shall  be  placed  flush  with  adjacent  screen  bay,  pier  noses,  and  walls. 

-  Screens  shall  be  protected  from  large  debris. 

Screen  surfaces  shall  be  constmcted  at  an  angle  to  the  incoming  flow. 

-  Features  designed  to  eliminate  undesirable  hydraulic  effects. 

Bypass  Layout: 

-  Geometry  such  that  out-migrating  juveniles  pass  through  the  system  without  delay  and 
with  access  for  cleaning. 

Bypass  Entrance: 

-  Each  entrance  must  have  independent  hydraulic  control,  ambient  lighting  available, 
and  accelerating  velocity  into  bypass  to  minimize  delay. 
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Bypass  Conduit  Design: 


-  Smooth  surfaces  and  joints  required  with  minimal  turbulence. 

-  No  pumping,  free-fall,  negative  pressure,  or  sharp  bends  are  allowed. 

-  Design  to  minimize  debris  clogging  and  sediment  deposition. 

-  No  closure  valve  allowed  without  special  approval. 

Minimum  depth  of  0.75  feet  and  no  hydraulic  jump  allowed. 

•  Bypass  Outfall: 

-  Outfall  in  ambient  river  velocities  greater  than  4  fps. 

-  Minimize  predation  potential. 

-  Maximum  outfall  velocity  shall  be  less  than  25  fps. 

-  Design  to  avoid  adult  attraction. 

•  ModiHed  Criteria  for  Small  Screens: 

-  Screens  <4  feet  long  may  be  normal  to  the  flow. 

-  Screens  >4  feet  long  must  be  angled  at  less  than  45  degrees  to  the  flow. 

-  Drum  screens  shall  be  submerged  75%. 

Recommendations 


The  dewatering  facility  can  take  many  configurations.  Significant  factors  include  establishment 
of  approach  flow  distribution,  screen  geometry,  sink  geometry,  drafting  mechanism,  schedule 
(time  to  conduct  a  hydraulic  model  study),  cleaning,  transition  to  existing  bypass,  and  possible 
reuse  of  portions  of  existing  facilities  (such  as  the  1996  surface  collector  structure  for  Lower 
Granite).  Many  of  these  factors  are  site  specific  and  at  this  point  cannot  be  generalized. 
Configuration  strongly  influences  both  the  effective  functioning  of  the  dewatering  facility  and 
the  cost  of  the  facility.  Configuration  selection  requires  creative  design  and  offers  substantial 
cost  benefit.  With  respect  to  Lower  Granite,  development  of  the  dewatering  facility 
configuration  is  a  major  future  task  of  this  design  effort. 
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4.9  Recommendations  for  Existing  Projects 

The  following  recommendations  for  existing  projects  are  provided  to: 

•  improve  operations, 

•  reduce  maintenance  time  and  expenditures, 

•  minimize  down  time,  and 

•  simplify  control  logic. 

Lower  Granite  Lock  and  Dam 

A.  The  Lower  Granite  upwell  and  dewatering  system  appeared  to  operate  extremely  well, 
considering  there  is  no  cleaning  system.  TTie  higher  normal  and  sweeping  velocities 
appear  to  help  keep  the  screens  clean.  The  higher  velocities  do  not  meet  the  current 
Agency  low-velocity  screening  criteria.  However,  they  are  well  within  the  allowable 
velocities  for  high  velocity  screens,  such  as  the  Eicher  Screen  or  the  Modular  Inclined 
Screen  (MIS). 

Little  Goose  Lock  and  Dam 

A.  The  bmsh  cleaning  system  at  Little  Goose  appears  to  be  the  most  effective  of  all  the  sites 
visited.  The  chain  and  sprocket  arrangement  provides  a  positive  means  of  driving  the 
brush  and  keeping  the  screens  clean.  This  site  was  not  visited  when  the  system  was  on¬ 
line. 

B.  Investigation  of  an  air-burst  cleaning  system  to  compliment  the  bmsh  system  is 
recommended  in  case  of  high  debris  loading. 

Lower  Monumental  Lock  and  Dam 

A.  The  dewatering  system  works  well.  Operation  of  the  inclined  floor  screen  bmshes 
appears  to  be  effective,  however,  the  driving  mechanism  appears  to  be  a  weak  link.  The 
original  design  was  a  driver  to  the  trolley  wheels.  The  wheels  were  reported  to  slip  and 
could  not  over  come  the  hydraulic  forces  on  the  brashes.  The  current  driving  mechanism 
is  by  a  wire  rope  wrapped  around  a  friction  dram.  The  pre-load  tension  on  the  wire  rope 
is  high  in  order  to  have  adequate  friction  on  the  dram  to  drive  the  trolley.  During 
operation,  the  wire  rope  crowds  to  one  side  of  the  dram  and  the  rope  passes  over  itself 
with  a  shape  bend.  When  the  dram  reverses,  the  rope  drifts  to  the  opposite  side,  and  the 
shape  bend  is  in  the  opposite  direction.  Due  to  the  high  bending  stresses  and  the  high 
pre-load  tension,  the  wire  rope’s  life  is  limited. 

Consideration  should  be  given  to  modifying  the  drive  system.  One  option  would  be  to 
use  a  conveyor  chain  and  sprocket,  similar  to  that  at  Wapatox.  A  second  option  would 
utilize  a  3/4  wrap  around  a  rubber  line  sheave,  similar  to  Wasco. 
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B.  The  dewatering  in  the  porosity  control  area,  just  upstream  from  the  fish  separator, 
appears  excessive.  In  some  areas,  the  screen  draws  air,  which  results  in  dry  spots. 
Consideration  should  be  given  to  replacing  the  wedge  wire  screen  with  perforate  plate, 
similar  to  the  arrangement  at  Lower  Granite. 

C.  Emergency  diversion  screens  were  installed  last  winter  (‘95)  in  the  dewatering  channels. 
These  screens  were  intended  to  prevent  fish  from  entering  the  service  water  system  in 
the  event  the  screens  plug  and  the  channel  overflows.  The  screens  were  installed  hinged 
on  one  end,  which  allows  the  screen  to  float.  The  screen  orientation  appears  to  trap 
debris,  rather  than  allowing  it  to  pass  to  the  tailwater.  The  functionality  and  design  of 
the  emergency  diversion  screens  should  be  reviewed  to  determine  if  they  operate  as 
intended. 

McNary  Lock  and  Dam 

A.  The  dewatering  system  works  well.  Operation  of  the  inclined  floor  screen  cleaning 
system  appears  to  be  effective.  At  the  time  of  the  inspection,  the  side  wall  dewatering 
system  screen  cleaning  system  was  off-line.  The  primary  driver  gear  box  was  reported 
as  failed. 

B.  The  geometry  requirements  for  the  side  wall  brush  system  is  similar  to  the  side  wall 
screens  at  Northern  Wasco  County,  PUD  at  the  Dalles  Lock  and  Dam.  The  Wasco 
brush  is  driven  by  a  wire  rope  over  a  friction  sheave.  The  brush  engagement  is  driven 
by  an  off-set  counter  weight.  The  system  was  reported  as  working  well  and  may  be 
considered  for  application  at  McNary. 

C.  The  control  gates  for  the  dewatering  system  provide  a  free  discharge  into  a  drop  well. 
This  approach  puts  excessive  loading  on  the  gates  and  causes  a  continuous  mist  to  form 
in  the  area.  Consideration  should  be  given  to  pressuring  the  drop  well  and  providing  a 
turbine  near  the  taUrace  for  energy  dissipation.  This  wiU  reduce  the  hydraulic  loading 
on  the  gates  and  eliminate  the  mist. 

D.  Investigation  of  an  air-burst  cleaning  system  to  compliment  the  brush  system  is 
recommended  in  case  of  high  debris  loading. 

Northern  Wasco  County  PUD/The  Dalles  Lock  and  Dam 

A.  The  Wasco  dewatering  system  appears  to  function  as  a  SBCS.  However,  a  few 
operational  problems  were  observed.  A  continuous  vortex  exists  above  the  penstock 
inlet.  This  condition  appears  to  cause  water  surface  drawdown  which  increases  the 
differential  head  across  the  downstream  end  of  the  screen.  To  address  this  problem,  the 
porosity  control  behind  the  screen  have  been  eliminated  in  the  upper  reaches  and  are  set 
at  their  minimum  opening  in  the  lower  reaches.  Even  after  the  adjustments,  the  velocity 
through  the  screen  is  approximately  50%  higher  at  the  lower  end  than  at  the  start  of  the 
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structure.  Vortex  generated  air  entrainment,  with  air  passage  thought  the  turbine  does 
not  appear  to  cause  rough  turbine  operation. 

B.  The  brush  and  trolley  drive  system  appears  to  work  well.  The  only  reported  problem 
was  the  need  for  a  high  pre-load  tension  on  the  drive  wire  rope.  Consideration  should 
be  given  to  installing  a  tensioning  spring  which  would  absorb  the  changes  in  rope  due 
to  changing  temperature. 

Chelan  County  PUD,  Rocky  Reach  Dam 

A.  The  Rocky  Reach  SBCS  is  effective  for  bypassing  juvenile  fish.  A  few  complications 
have  developed  after  start-up.  A  Hypalon  fabric  that  was  used  to  provide  a  transition 
into  the  entrance  slot,  failed  and  was  removed  after  two  weeks  operation.  The  cause  of 
failure  has  not  been  determined.  The  Hypalon  skin  failure  was  likely  associated  with 
placing  the  lower  strength  fabric  over  a  rigid  frame.  The  fabric  had  no  mechanism  for 
load  relief  (which  a  flexible  support  mechanism  would  offer).  Consequently,  when 
exposed  to  wind  and/or  water  generated  dynamic  loads,  the  fabric  failed. 

B.  The  accumulation  of  surface  trash  at  Rocky  Reach  is  ftnding  its  way  into  the  surface 
collector.  The  original  design  did  not  allow  for  cleaning  by  a  trash  brush.  During 
fabrication,  a  brush  system  was  added.  The  action  of  the  brush  is  typical  to  what  is 
normally  used  for  trashiacks.  The  horizontal  brush  is  lowered  by  gravity  and  raised  by 
a  wire  rope  winch.  The  trolley  is  manually  relocated  and  the  process  is  repeated.  When 
the  trolley  is  relocated,  the  brush  must  be  coached  by  hand  over  the  structural  cross 
members.  At  the  time  of  the  visit,  one  of  the  two  brushes  was  off-line  due  to  a  failure 
of  the  wire  rope  attachment  lug  to  the  brush  assembly.  A  debris  skimmer  was  being 
developed  for  the  vertical  slot  intake. 

Due  to  the  geometry  of  the  structure,  consideration  should  be  given  to  installing  fixed 
hoists  with  larger  brushes.  This  would  allow  for  pushbutton  or  timed  cleaning 
operations. 

Grant  County  PUD,  Wanapum  Dam 

A.  The  Wanapum  Dam  dewatering  system  appears  to  function  well  as  a  SBCS.  The  system 
does  not  have  an  installed  means  for  backwash  or  screen  cleaning.  Current  alternatives 
for  screen  cleaning  are  either  use  a  long  handled  brush  or  removing  and  reinstalling  the 
blowers  facing  toward  the  screen.  Debris  problems  are  rqwrted  to  be  minimized  with 
the  slot  intake  fully  submerged.  By  reversing  the  blowers,  water  can  be  backflushed 
through  the  screens.  It  was  reported  that  changing  the  direction  of  flow  requires  about 
30-minutes  for  each  blower  bank.  Consideration  should  be  given  to  installing  a 
reversible  motor  sbuter  to  reverse  the  flow  through  the  blower. 
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B.  It  should  be  noted  that  the  outfall  is  a  fully  pressurized  system  with  the  flow  controlled 
by  a  30%  open  knife  gate.  This  design  was  approved  by  NMFS  through  a  physical 
modeling  effort.  The  design  is  similar  to  the  current  system  at  Lower  Granite,  except 
the  rate  of  depressurization  is  instantaneous.  At  Lower  Granite,  the  rate  of 
depressurizing  is  in  the  order  of  several  minutes. 

Pacific  Power  &  Light,  Wapatox  Canal 

A.  The  Wapatox  Canal  fish  diversion  system  is  the  most  graceful  of  all  sites  visited.  The 
hydraulics  of  the  system  are  balanced  and  the  brush  cleaning  system  operates  effectively. 
The  only  reported  significant  operating  problem  was  due  to  ice  and  frazil  ice 
accumulation.  The  ice  which  collects  in  front  of  the  trashrack  can  be  moved  by  a 
backhoe  into  the  screen  emergency  bypass  system.  The  Operator  suggested  that  the 
control  for  the  bypass  should  be  downstream  of  it’s  current  location  and  the  channel 
leading  up  to  the  gate  shaped  to  eliminate  any  dead  spaces.  The  penetration  of  the 
bypass  channel  into  the  main  channel  could  be  blocked  with  stoplogs  to  prevent  fish  from 
entering  the  bypass  channel. 

B.  The  frazil  ice  problem  is  more  difficult  to  solve.  The  brush  can  remove  the  frazil  ice 
from  the  screening  surface,  but  the  ice  between  the  bars  cannot  be  removed.  Enclosing 
the  structure,  providing  curtains  from  the  water  surface  to  underside  of  the  flooring,  and 
applying  heat  to  the  bars  may  improve  the  situation.  The  most  reasonable  approach 
would  be  to  simply  bypass  the  screens  during  extremely  cold  periods  when  frazil  ice  is 
present.  It  should  be  noted  that  during  the  extremely  cold  periods,  fish  movement  would 
likely  be  limited  and  the  chances  of  entrainment  is  reduced. 
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RESPONSES  TO  “QUESTIONNAIRE  FOR  DEWATERED  JUVENILE  FACILITY” 

Rex  Baxter,  Project  Fishery  Biologist,  Little  Goose  Dam 

Note;  Some  questions  are  not  answered.  Also,  some  of  the  answers  may  be  more  detailed  than  you  want 
or  need  but  perhaps  some  of  the  “principles”  described  will  be  of  use. 

DEWATERING  SYSTEMS 

1 .  Describe  any  identified  problems/deficiencies  with  this  system. 

Delay  in  fish  passage  is  a  problem  in  both  the  collection  channel  and  primary  dewaterer  at  Little  Goose. 
We  need  a  way  to  move  fish  downstream  during  normal  operation  and  when  the  facility  is  dewatered. 
Maybe  a  sonic  device  which  “scares”  fish  downstream  would  be  appropriate.  A  floating  sonic  device 
could  be  placed  in  the  upstream  end  of  the  collection  chaimel  and  then  retrieved  downstream  at  the 
primary  dewaterer.  Such  a  device  might  move  too  fast,  however.  Another  option  would  be  to  wire  the  full 
length  of  the  collection  chaimel  and  primary  dewaterer  and  have  sonic  devices  activated  in  series, 
something  like  airport  runway  lights.  Operating  such  a  device  would  require  considerable  care  because, 
for  example,  you  would  not  want  5,000  pounds  of  fish  entering  a  fish  separator  in  a  short  period  of  time. 

The  primary  dewaterer  at  Little  Goose  is  made  of  steel,  rather  than  concrete.  Although  the  steel  is 
painted,  every  few  years  weTl  have  to  paint  again. 

Debris  can  overwhelm  the  primary  dewaterer’s  screen  cleaning  system.  The  screen  is  cleaned  by  brushes 
mounted  on  a  chain  drive.  This  works  fine  99.9%  of  the  time.  However,  on  one  occasion  we  got  a  sudden 
influx  of  green  locust  leaves  in  July  which  completely  covered  the  screen  and  forced  a  shutdown.  The 
leaves  were  about  2  inches  deep.  We  don’t  know  where  the  leaves  came  from.  After  that,  we  investigated 
the  possibility  of  installing  an  “air-burst  fish  screen  cleaning  system”  (see  enclosed  article)  and  some 
design  work  for  Little  Goose  was  done  by  Scott  Ross  at  NPW.  The  idea  here  is  to  “float”  debris  off  the 
screen  using  air  bubbles.  We  have  not  installed  an  air-burst  system  at  Little  Goose,  in  part  because  Scott  s 
design  does  not  look  adequate  to  me.  The  design  does  not  appear  to  distribute  air  bubbles  over  a  wide 
enough  area  of  the  screen.  I  believe  an  air-burst  system  in  combination  with  a  brush  sweep  system  would 
be  ideal  at  Little  Goose. 

The  possibility  of  a  zebra  mussel  infestation  must  be  considered.  Although  zebra  mussels  are  not  yet 
known  to  exist  in  the  Snake  River  drainage,  they  are  likely  to  show  up  someday  according  to  at  least  some 
experts.  These  animals  are  causing  considerable  damage  to  power  plants  in  the  central  United  States. 

The  primary  dewaterer  at  Little  Goose  has  a  lot  of  areas  where  zebra  mussels  could  attach  and  be  difficult 
to  get  at  for  removal  (under  I-beams  for  example).  The  Bureau  of  Reclamation  has  done  a  lot  of  research 
on  zebra  mussels.  I  presume  the  Corps’  Waterways  Experiment  Station  is  also  studying  zebra  mussels. 
Several  years  ago  I  suggested  to  a  Reclamation  zebra  mussel  researcher  that  perhaps  electricity  could  be 
used  to  prevent  zebra  mussel  larvae  from  attaching  to  structures.  I  don’t  know  what  became  of  the 
suggestion.  All  design  work  on  surface  collectors  and  dewatering  systems  MUST  consider  zebra  mussel 
control. 

2.  What  types  of  trash  are  encountered  and  when? 

“Tumbleweeds”  arrive  mainly  after  summer  wind  storms  and  large  masses  can  accumulate  on  turbine 
intake  trashracks.  There  is  a  surprising  amount  of  plastic  in  the  Snake,  including  candy  wrappers,  pop 
bottles,  shotgun  wads,  and  black  plastic  that  perhaps  farmers  use  to  cover  haystacks.  We  get  a  few  wood 
chips,  presumably  blown  off  of  barges.  Other  woody  debris  includes  willow  stems,  driftwood,  and  sizable 

logs. 

Lower  Granite,  being  further  upstream,  always  gets  more  debris  than  Little  Goose.  Personnel  at  Lower 
Granite  do  a  nice  job  of  cleaning  the  river  for  those  of  us  further  downstream.  I  would  guess  that  Lower 


Monumental  gets  less  debris  than  Little  Goose,  although  the  Tucannon  River  enters  the  Snake  between 
these  two  dams.  McNary  probably  gets  more  debris  than  any  of  the  Snake  River  dams,  certainly  more 
aquatic  plants.  Most  trash  arrives  at  Snake  River  dams  with  the  high  flows  of  April,  May,  and  June. 

3.  What  methods  are  used  for  dealing  with  trash  and  how  effective  are  these  methods? 

At  Little  Goose  we  try  to  get  a  jiunp  on  debris  before  it  gets  into  the  juvenile  fish  system.  Debris  in  the 
forebay  is  occasionally  removed  with  a  crane  and  clamshell  (not  very  effective,  slow  and  labor  intensive). 
We  have  also  juggled  umt  operation  to  move  forebay  debris  toward  the  spillway  and  then  opened  some 
spillway  gates  to  pass  the  debris  (very  effective,  but  the  problem  just  goes  to  the  next  dam). 

We  remove  debris  in  the  gatewells  by  using  a  high  pressure  air  hose  and  a  debris  basket  raised  and 
lowered  by  a  crane  (very  effective).  The  weighted  air  hose  is  lowered  by  hand  into  one  side  of  the  gatewell 
and  floating  debris  is  pushed  by  bubbles  to  the  opposite  side  of  the  gatewell.  Then  the  basket  is  lowered 
into  the  open  water  and  the  air  hose  is  moved  to  the  opposite  side  so  that  bubbles  push  debris  into  the 
basket. 

Orifices  are  cleaned  in  four  ways.  By  closing  an  orifice  valve,  debris  which  is  impinged  on  the  upstream 
side  simply  floats  to  the  water  surface  in  the  gatewell  where  it  can  be  removed  as  described  above.  This 
works  fine  if  the  orifice  is  not  largely  plugged.  When  an  orifice  is  largely  or  entirely  plugged,  we  close  an 
orifice  valve  and  then  backflush  with  air  bubbles.  Occasionally,  a  hooked  steel  rod  is  inserted  into  the 
open  orifice  from  the  downstream  (collection  chaimel)  side  and  debris  is  pulled  out.  On  rare  occasions,  a 
sizable  piece  of  wood  may  be  smck  in  an  orifice.  In  this  case,  a  caisson  is  lowered  into  the  gatewell  and  a 
worker  is  able  to  remove  the  debris  by  hand.  One  problem  we  have  at  Little  Goose  is  that  the  orifice 
discharges  are  mostly  or  entirely  rmderwater  so  we  usually  carmot  see  if  an  orifice  is  partially  blocked.  A 
complete  blockage  is  obvious,  judging  from  the  reduced  discharge. 

4. 

5. 

6.  What  operations  appear  to  be  the  most  harmful  to  the  fish  and  what  could  imniimze  the  damage? 

Completely  dewatering  the  collection  chaimel  and  primary  dewaterer  at  Little  Goose  requires  hand 
removal  of  fish.  The  fish  are  scared  by  dewatering ,  netting,  bucketing,  and  people  splashing  around.  It 
would  probably  be  better  to  scare  the  fish  out  of  the  system  with,  say,  a  sonic  device  prior  to  dewatering. 

7. 

8.  What  equipment  has  a  high  exposure  to  failure  and  should  be  provided  with  some  redundancy  or  back¬ 
up? 

Electrical  systems  should  be  backed  up  by  air  pressure  systems  to  the  extent  possible,  and  vice  versa.  See 
no.  9  below. 

9.  What  features,  if  failed,  will  cause  a  cascade  effect  and  damage  fish  or  other  equipment? 

A  power  outage  at  the  primary  dewaterer  could  cause  problems,  especially  if  prolonged.  The  motors  for 
the  cleaning  brushes  would  not  work.  If  we  had  an  effective  air-burst  system  that  could  be  turned  on  by 
hand,  that  would  get  us  through  any  critical  period.  The  motor  for  the  water  level  control  weirs  also 
would  not  work.  The  weirs  can  be  moved  with  an  air  wrench,  however,  if  necessary.  The  weirs  can  also 
be  moved  by  turning  a  handwheel,  but  this  is  extremely  slow  and  tiring.  We  have  a  Milltronics  water 
level  sensor  that  I  presume  has  a  battery  back-up.  I  also  presume  the  battery  is  a  good  one.  Without  a 
battery  back-up,  the  program  memory  would  be  lost. 


There  is  actually  a  long  period  of  time  (April  to  September)  when  the  water  level  control  weirs  do  not 
have  to  move.  This  occurs  when  the  Little  Goose  reservoir  is  operated  at  minimum  operating  pool 
(bottom  r  of  the  normal  633 ’-638’  operating  range).  As  long  as  there  is  little  fluctuation  in  the  reservoir, 
the  head  differential  between  the  reservoir  and  orifices  is  essentially  constant.  Therefore,  discharge 
through  the  orifices  remains  essentially  constant  and  the  weirs  can  remain  stationary  for  months. 

Freezing  weather  might  cause  ice  to  form  on  the  water  surface  in  the  stilling  well  (part  of  the  water  level 
control  system).  The  imderwater  pipe  connecting  the  stilling  well  to  the  main  charmel  of  the  dewaterer  is 
only  about  1”  in  diameter.  A  larger  pipe  would  increase  the  turnover  of  water  in  the  stilling  well  and 
would  also  be  less  subject  to  blockage  by  debris  and  silt. 

Vibration  firom  falling  water  moves  the  entire  structure  of  the  primary  dewaterer.  We  have  not  found  any 
cracks  yet,  though. 

10.  What  hydraulic  control  equipment  (weirs,  gates,  valves,  etc.)  work  well  and  which  do  not? 

The  cleaning  brushes  work  well  most  of  the  time,  although  the  drive  chains  have  come  off  their  sprockets. 
We  finally  got  the  chain  tension  just  right. 

The  weirs  and  Milltronics  equipment  have  been  very  reliable.  For  details,  call  Steve  Featherston 
(Electrical  Foreman)  at  Little  Goose  (509-399-2233). 

As  a  general  rule,  I  would  avoid  using  large  air-operated  knife  valves.  As  an  example,  we  have  a  30” 
knife  valve  (not  associated  with  the  primary  dewaterer)  which  originally  vi^  air-operated.  We  wanted  to 
open  it  slowly  so  that  water  would  pass  through.  At  first  the  valve  would  not  move  because  the  pressure 
was  building  in  the  air  cylinder.  Then  all  of  a  sudden  it  opened  some  8”  as  pressure  reached  a  critical 
point.  When  working  with  such  an  energy  transition,  it  is  best  to  do  it  slowly.  We  eventually  replaced  the 
air  cylinder  with  an  electric  motor  (Limitorque)  which  provides  better  control. 

11.  What  electronic  control  equipment  (level  sensors,  flowmeters,  etc.)  work  well,  require  excessive 
maintenance,  have  too  much  sensitivity,  or  too  small  of  a  dead  band. 

The  Milltronics  level  sensors  used  on  both  the  adult  fish  and  juvenile  fish  facilities  have  been  very 
reliable.  For  details,  call  Steve  Featherston  (Electrical  Foreman)  at  Little  Goose  (509-399-2233). 

GENERAL 


12.  What  methods  are  currently  used  to  attract  and  transport  juvenile  fish  aroimd  the  dam? 

Juvenile  fish  tend  to  go  where  most  of  the  water  goes,  either  into  the  turbine  intakes  or  through  the 
spillway.  A  few  go  down  the  fish  ladder  or  into  the  navigation  lock. 

13. 

14. 

15.  Have  any  site  specific  studies  been  done  on  FGE,  fish  distribution,  passage  mortality,  etc.? 

FGE  -  Yes,  at  least  two  good  studies  spanning  several  years. 

Fish  distribution  -  Only  vertical  distribution  as  found  during  FGE  studies,  no  horizontal  distribution 
studies  as  far  as  I  know. 


Passage  mortality  -  Some  research  has  been  done  on  spillway,  turbine,  and  bypass  system  mortality.  The 
juvenile  fish  facilities  have  large  amounts  of  data  on  mortality  as  a  result  of  daily  operations.  If  you 
wanted  to  compare  pre-surface  collector  mortality  with  post-surface  collector  mortality,  ask  me  more. 

19.  What  methods  are  currently  being  used  to  dewater  the  bypass  flows  and  handling  of  the  juvenile  fish 
and  resident  fish? 

We  usually  dewater  the  juvenile  system  about  December  1.  All  orifice  flows  are  turned  off.  The 
collection  channel  and  primary  dewaterer  are  slowly  drained  by  opening  a  valve  in  the  floor  of  the 
dewaterer.  When  the  water  becomes  about  5”  deep  in  the  collection  channel,  two  workers  enter  the 
channel  and  walk  to  the  upstream  end.  From  there  fish  are  chased  downstream  toward  the  dewaterer  with 
nets  (floor  slopes  downward).  Many  fish  head  downstream  on  their  own  without  being  chased.  About 
this  time  we  install  two  stoplogs  at  the  upstream  end  of  the  dewaterer  (water  depth  about  2’)  in  order  to 
pond  water  there  and  create  a  temporary  refuge  for  fish.  Fish  accumulate  in  this  ponded  water  and  are 
netted  into  a  tank  (about  100  gallons).  The  tank  is  lifted  out  by  a  crane  and  a  whipline  on  the  crane 
dumps  fish  into  the  adjacent  fish  ladder  (very  handy).  The  tank  is  refilled  by  dipping  it  in  the  fish  ladder 
and  is  then  positioned  to  receive  more  fish. 

20. 

21. 

22.  Please  provide  any  other  comments  or  literature  references  which  would  help  in  identifying  an 
effective  passage  system. 

Juvenile  fish  tend  to  stack  up  in  the  forebay,  rather  than  promptly  moving  through  and  past  the  Ham 
Squawfish  (predators)  like  this  situation.  Some  means  should  be  developed  which  would  encourage 
juvenile  fish  to  promptly  pass  the  dam.  Maybe  sonic  devices  would  work.  Maybe  a  surface  collector 
should  include  a  skimmer  which  gently  crowds  fish  into  the  remainder  of  the  collection  system.  Although 
a  surface  collector  may  have  an  attraction  flow  on  the  order  of  2,000  cfs,  this  attraction  flow  would  pale  in 
comparision  to  spillway  flows. 

The  design  of  a  surface  collector  (floating  curtain)  should  consider  the  effects  of  wave  action,  of  course, 
and  even  vandalism.  At  Little  Goose  the  wind  usually  blows  upstream,  although  occasionally  it  blows 
downstream  (from  the  east).  A  stiff  wind  from  the  east  can  cause  swells  on  the  order  of  2’  high  in  the 
forebay.  We  have  a  rather  substantial  floating  debris  boom  maybe  100’  long  in  front  of  the  fish  ladder 
exit  The  boom  has  been  tom  loose  from  its  anchoring  at  least  twice  in  the  past  several  years  by  wave 
action.  It  would  be  undesirable  to  have  a  huge  floating  curtain  get  impinged  on  a  spillway  or  powerhouse 
due  to  wind  action  or  vandals.  Firm  anchoring  for  a  floating  curtain  is,  of  course,  a  must.  I  don’t  know 
whether  the  floats  should  be  flexible  or  rigid.  I  suggest  including  sensors  which  would  sound  an  alarm  in 
the  dam’s  control  room  should  the  curtain  move  out  of  position.  An  emergency  response  plan  would  also 
be  wise. 
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CEHPW-OP-MC  1130-2-400)  (Brad  Eby)  4  May  1995 


MEMORANDUM  FOR:  CENPW-EN-DB  (Steve  Fink) 

SUBJECT:  Response  to  Scoping  Questions  On  surface  Collection 


1.  Reference  subject  document  Dated,  2  March  19,  1995,  Surface 
Bypass  and  Collection  System  »  Scoping  Questionnaire. 

2.  Many  of  the  questions  were  answered  from  personal  interviews 
during  two  site  visits  by  Stone  and  Webster  and  District 
employees  at  McNary.  Included  here  are  outlines  on  most  of  those 
comments  and  some  addition  observations,  as  well  as,  some  data  on 
fish  lengths. 

#1.  Pre-operational  evaluations  for  fish  health  and 
conditions  revealed  virtually  no  problems  in  the  new  system  in 
terms  on  descaling  or  fish  injury.  Mortality  the  first  season 
was  fairly  low  at  1.45%.  Some  delay  was  observed  in  the 
collection  channel  in  the  area  of  the  dewatering  structures  and 
adult  fallbacks  were  also  found  to  be  holding  in  the  system  at 
both  ends  of  the  channel. 

#2.  Debris  encoimtered  in  the  system  ranges  from  extremely 
small,  fine  periphytonous  algae  to  small  sticks  and  grasses, 
woodchips,  tumble  weeds,  green  pond  weeds  to  larger  woody  sticks 
and  limbs.  The  spring  time  of  the  season  is  more  typical  of 
tumble  weeds  and  dead  leaves  and  grasses  and  the  late  summer/ 
fall  produces  more  aquatic  plant  material.  Woody  material  is 
usually  more  prevalent  early  in  the  season  due  is  highly  variable 
in  quantity  from  year  to  year. 

#3.  Floating  debris  in  the  forebay  is  dipped  and  hauled  away 
early  in  the  season.  Trash  racks  are  raked  when  STS  are  lowered 
and  as  needed  through  out  the  season.  All  material  coming 
through  the  orifices  and  into  the  collection  channel  are  remove 
from  the  separator  and/or  raceways. 

#4  &  #5.  These  questions  answered  through  hydraulic  design. 

#6.  Biggest  problem  for  McNary  is  temperature  shock  of  fish 
from  encountering  thermal  gradients  in  the  reservoir  and  while 
passing  through  the  system.  These  shocked,  incapacitated  fish 
are  unable  to  swim  effectively  and  become  impinge  on  dewatering 
screens.  In  summasry.  Dewatering  operations  are  usually  the  most 
harmful  to  fish.  A  second  stressful  point  in  the  system  is  truck 
and  barge  loading  operations 

#7.  Plugging  of  water  diffusion  screens  by  fine  debris  from 
the  back  side  (source)  was  a  major  problem.  Separator  and 
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raceway  inflow  screens  had  to  be  removed  and  cleaned  frequently 
through  out  the  season. 

#8.  Screen  cleaning  mechanisms  in  the  collection  channel  de¬ 
watering  structure  were  the  most  frequent  problem  the  first  year. 
Powercord  supply  cable  deployment  failed  often.  Water  level 
control  equipment  and  programing  was  another  problem. 

#9.  Most  critical  is  the  cleaning  mechanism  on  the 
Rectangular  dewatering  screen.  Second  is  the  water  level  control 
system. 

#10.  The  dewatering  sluice  gates  have  not  handled  the  level 
of  vibrations  and  flow  energy  they  are  exposed  to  and  have  been 
very  difficult  to  operate  due  to  alignment  shifts  and  gearbox 
failure. 

^  #11.  We  have  been  able  to  work  with  deadband  and  sensitivity 
adjustments  to  maintain  fairly  good  control  of  the  system  as  long 
both  dewatering  valves  are  working  and  we  do  not  have  too  rapid 
change  in  generator  loads  (which  effect  orifice  discharge) . 

3,  Questions  listed  under  the  general  category  (12-22)  have  been 
answered  by  District  biologist  and  engineers,  however,  we  are 
enclosing  a  graph  of  the  sizes  of  fish  encountered  at  McNary  for 
yearling  and  subyearling  Chinook  and  for  steelhead.  Please  feel 
free  to  call  Brad  Eby,  extension  242  at  any  time  for  further 
details. 


Enel 


RICHARD  E.  BIAKE 

Acting  Project  Manager,  McNary 


994  Yearling  Chinook  Length  Frequency 


800 


'  MEMORANDUM 

'  /'  fc'-C/ye'^.-7r-)/CC'  i'  .-Vi'-.' '  /^ — 

SUBJECT;  Questionnaire  for  Dewatered  Juvenile  Facility  Wed,  Mar  1, 1995 

March  6  to  10, 1995 


U.S.  Army 


?s  of  Engineers.  Walla  Walla  District 


The  Walla  Walla  District  (NPW)  and  Stone  &  Webster  Engineer  Corp.  (SWEQ  have  teamed 
to  develop  a  dewatering  system  for  the  Lower  Granite  Juvenile  Bypass  and  Collection  System. 
To  take  advantage  of  project  experience  at  the  Lower  Snake  River  and  the  Columbia  River,  a 
team  of  Biologists  and  Engineers  will  be  visiting  McNary,  Lower  Monumental,  Little  Goose,  and 
Lower  Granite.  The  primary  focus  will  be  on  the  existing  dewatering  systems,  and  assessing 
each  systems  design  and  performance.  To  facilitate  the  collection  of  operating  experience  the 
following  questionnaire  was  developed  to  identify  general  areas  of  interest  for  the  Site  Visits 
and  to  have  appropriate  project  personnel  available  to  address  these  questions.  Each  Project 
and  the  District  is  requested  to  respond  to  these  questions  by  March  20,  1995  and  provide  those 
responses  to  Steve  Fink  (NPW). 

The  first  eleven  questions  spedficaUy  focus  on  the  dewatering  systems;  the  later  are  more 
general  in  nature.  It  is  hoped  that  the  responses  will  not  provide  direct  answers,  but  rather  add 
insight  as  to  what  works  well  and  items  that  can  be  improved.  Suggestions  which  may  lead  to 
more  effective  solutions  will  be  appreciated. 


DEWATERING  SYSTEMS 

1.  Describe  any  identified  problems/ deficiencies  with  this  system  (e.g.,  descaling, 
mortality,  behavioral  avoidance  or  delay  in  passage,  etc). 

t  tJbrsd'  pAo(>fci^ .  jCAt  d  air  d  U9a-4<^ 

u5t*+*i  8  -  ttJo 

li  nHoda. 

'RaeJis-'PVrS*'  •*.<,-».  , 

2.  What  types  of  trash  are  encovmtered  and  when  ? 


3. 


What  methods  are  used  for  dealing  with  trash  and  how  effective  are  these  methods  ? 


memorandum 


4.  VVhatisthebars£acing,forthedewate^^^^  .  D  I  ^ 

:P  WVi&j-*  -i+^b 

5.  Wha.  are  fte  velodHes  perpeadicalar  ^.d  parallel  to  the  screemng  surfaces  1 


6. 


What  operations  appear  to 
damage  ? 


be  the  most  harmful  to  the  fish  and  what  could  minimize  the 


7. 


What  maintenance  items  appear  to 
effort  to  maintain  the  equipment  ? 


be  excessive  and  should  be  explored  to  minimize  the 


8. 


Wha.  e,ulp».en.  has  a  Mgh  exposure  .o  failure  and  should  he  provided  with  some 
redimdancy  or  back-up  ? 


What  features. 


if  failed,  will  cause  a  cascade  effeC  and  dnnage  fish  or  other  equipment? 

^6.C^A-eriA^  >vu!rs.f 


9. 


memorandum 

-  “7> ''ICm'  *  Vi 

Mpvel  sensors  flowmeters,  etc.)  work  well,  require 

“•  ^si"  — »; » o. .  a.aa  .a„a. 


nF.NTERAL 

12.  What  methods  are 


currently  being  used  to  attract 


and  transport  juvenile 


fish  around  the 


dam? 


13. 


VVhat  me  the  best 


and  worst  attributes  of  this  system  ? 


„  Wha.  n,ea,oas  have  been  usea  h.  .ha  paa.  ana  how  eHechve  ware  may  7 


15.  Hava  any  sita  spadfia  swaias  haan  dona  on 

etc.? 


FGE,  fish  distribution,  passage  mortality. 


memorandum 

16.  What  is  the  method  for  determining  the  FGE  at  USAGE  projects  ? 


17.  Describe  by  spedes  the  size  of  outmigrants  (range,  median  and  frequency)  and  the 
distribution  in  the  water  column,  both  vertical  and  horizontal. 


18.  Describe  the  timing  of  outmigmlion  for  each  spedes  (onset,  peak  and  end)  and  to  what 
extent  is  downstream  movement  pulsed. 


19.  What  methods  are  curienUy  being  used  to  dewater  the  bypass  flows  and  handling  of  the 
juvenile  fish  and  resident  fish  ? 


20.  Are  there  any  suggestions  to  simpUfy  the  existing  designs  resultmg  in  increased  system 
reliability  ? 


21.  Are  there  any  construction  restraints  for  future  modifications  ? 


2X  Please  provide  any  other  comments  or  literature  references  which  would  help  in 
identifying  an  effective  passage  system  ? 


MEMORANDUM 


SUBJECT:  Questionnaire  for  Dewatered  Juvenile  Facility  Wed,  Mar  1, 1995 

March  6  to  10, 1995 

II  S.  Army  Corns  of  Engineers.  Walla  Walla  District  (NPW) 

The  Walla  Walla  District  (NPW)  and  Stone  &  Webster  Engineer  Corp.  (SWEQ  have  teamed 
to  develop  a  dewatering  system  for  the  Lower  Granite  Juvenile  Bypass  and  Collection  System. 
To  take  advantage  of  project  experience  at  the  Lower  Snake  River  and  the  Columbia  River,  a 
team  of  Biologists  and  Engineers  will  be  visiting  McNary,  Lower  Monumental,  Little  Goose,  and 
Lower  Granite.  The  primary  focus  will  be  on  the  existing  dewatering  systems,  and  assessing 
each  systems  design  and  performance.  To  facihtate  the  coUection  of  operating  experience  the 
following  questionnaire  was  developed  to  identify  general  areas  of  interest  for  the  Site  Visits 
and  to  have  appropriate  project  personnel  available  to  address  these  questions.  Each  Project 
and  the  District  is  requested  to  respond  to  these  questions  by  March  20,  1995  and  provide  those 
responses  to  Steve  Fink  (NPW). 

The  first  eleven  questions  specifically  focus  on  the  dewatering  systems;  the  later  are  more 
general  in  nature.  It  is  hoped  that  the  responses  will  not  provide  direct  answers,  but  rather  add 
insight  as  to  what  works  well  and  items  that  can  be  improved.  Suggestions  which  may  lead  to 
more  effective  solutions  will  be  appreciated. 


DEWATERING  SYSTEMS 


1.  Describe  any  identified  problems/ deficiencies  with  this  system  (®-gv  descalmg, 
mortality,  behavioral  avoidance  or  delay  in  passage,  ®tc). 


2. 


Vhat  types  of  trash  are  encountered  and  when  ?  S'C'i-A.-co’  uJf  c-Q 

. " 


— — —  -  ^ 


MEMORANDUM 


4.  What  is  the  bar  spacing  for  the  dewatering  system  ? 
"2^  — 


5.  What  are  the  velocities  perpendicular  and  parallel  to  the  screening  surfaces  ? 


6.  What  operations  appear  to  be  the  most  harmful  to  the  fish  and  what  could  minimize  the 
damage  ? 

7.  What  maintenance  items  appear  to  be  excessive  and  should  be  explored  to  minimize  the 

effort  to  maintain  the  equipment  ?  / 


8.  What  eqmpment  has  a  high  exposure  to  failure  and  should  be  provided  with  some 
redundancy  or  back-up  ?  ^ 


9.  What  features,  if  failed,  will  cause  a  cascade  effect  and  damage  fish  or  other  equipment? 

HoMj  iOcCSjl^  ' 


MEMORANDUM 


10.  What  hydraulic  control  equipment  (weirs,  gates,  valves,  etc.)  work  well  and  which  do 

.CajkSlJ.  ^ 


not. 


11.  What  electronic  control^^uipment  ( 

excessive  maintenance,  have  to  much  sensitivity,  or  to  small  of  a  dead  band. 


.  .  .  .  ^  ^. 


GENERAL 

12.  What  methods  are  currently  being  used  to  attract  and  transport  juvenile  fish  around  the 

-  Stoc^krtpA^s  l^ds 


13.  What  are  the  best  and  worst  attributes  of  this  system  ? 

idonJ^  • 


14. 


What  methods  have  been  used  in  the  past  and  how  effective  were  they  ? 

oJlfi 


15.  Have  any  site  specific 
etc.?  , 

Ujial. 


studies  been  done  on  FGE,  fish  distribution,  passage  mortality, 

F6rE  /??i  oXc© 


La — 


MEMORANDUM 


16. 


What  is  the  method  for  determining  the  FGE  at  USAGE  projects  ? 


5^ 


17.  Describe  by  spedes  the  size  of  outmigrants  (range,  median  and  frequency)  and  the 

distribution  in  the  water  column,  both  vertical  and  horizontal.  . 


P 


18.  Describe  the  tuning  of  outmigration  for  each  spedes  (onset,  peak  and  end)  and  to  what 

extent  is  downstream  movement  pulsed .  « 

19.  What  methods  are  currently  being  used  to  dewater  the  bypass  flows  and  h^dling  of  the  ^ 

juvenile  fish  and  resident  fish  ?  5 

/9  ^ 


^  S  :sJ20- 


20.  Are  there  any  suggestions  to  simplify  the  existing  designs  resulting  in  increased  system 
reliability  ? 


21.  Are  there  any  construction  restraints  for  future  modifications  ?  n  r  ^  -JL  ^ 


ft. 


22.  Please  provide  any  other  comments  or  literature  references  which  would  help  in 
identifying  an  effective  passage  system  ?  a  /  ^ 
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Improving  Fish  Survival  through  Turbines  Ferguson,  John  W .  1993  RKG  This  p^er  focus’  on  the  studies  involved  in  determining  fish 

mortality  when  they  pass  through  turbines.  Effects  of  strike, 
pressure,  cavitation,  shear,  stress  and  grinding  on  fish  are 
described. 
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Examining  the  Benefits  and  Costs  of  Fish  Cada,  Glenn  F.  and  1995  RKG  Using  16  U.S.  hydroelectric  projects  as  case  studies,  researchers 

Passage  and  Protection  Measures  James  E.  Francfort  have  determined  that  fish  passage/protection  mitigation  measures 

are  generally  effective.  This  paper  examines  the  total  cost  of 
mitigation  on  a  mills/Kwh  basis. 
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of  Fish  Passage  and  Protection  R.T.  Hunt,  D.W.  Jones, 

B.N.  Rinehart, 
G.L.Sommers,  RJ. 
Costello 
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Selected  General  Design  Drawings  of  James  M.  Montgomery  Unknown  SRT  Facility  toured  and  inspected  in  field  on  morning  of  May  3,  1995. 

Wapatox  Canal  Diversion  Fish  Screen  Consulting  Engineers,  Copy  of  a  portion  of  three  (3)  design  drawings  provided. 

Facilities  Inc.  and  Pacific  Power  & 

_  Light 
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Air-Burst  Fish  Screen  Cleaning  System  Ott,  Ronald  F.  and  1991  RKG  Document  summarized  in  Summary  No, 

for  the  Twin  Falls  Hydroelectric  Project  Donald  P.  Jarrett 
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Appendix  C 

Species  List 

Objectives:  To  evaluate  the  effectiveness  of  existing  protection  systems  in  minimizing  the  effects  of 

hydroelectric  projects  on  downstream  fish  migration. 

To  identify  important  biologic  and  engineering  criteria  proposed  for  fish  protection 
systems  and  to  ascertain  the  extent  to  which  these  criteria  limit  the  applicability  of 
existing  and  proposed  systems. 

To  identify  the  R&D  and  testing  needed  to  improve  the  effectiveness,  to  reduce  costs 
and  to  determine  the  applicability  of  concepts  not  yet  fully  evaluated. 

Results:  Fish  protection  systems  fall  into  four  categories:  behavioral  barriers,  physical 

barriers,  collection  systems  and  diversion  systems.  In  the  past,  behavioral  barriers, 
such  as  lights,  sound  and  air  bubble  curtains,  have  not  offered  much  promise  of  meeting 
agency  goals;  recent  studies  indicate  that  new  designs  may  be  more  effective.  Physical 
barriers  and  collection  systems  are  seldom  used.  Angled  screens  and  louvers  are  the  most 
commonly  used  diversion  systems. 

The  project  team  recommended  a  number  of  systems  for  further  investigation:  bar  racks, 
fixed  screens,  louver-light  hybrids,  other  bypass  system-light  hybrids  and  spilling- 
light  hybrids.  These  recommendations  resulted  from  an  effort  to  move  in  the  direction 
of  a  zero-loss  goal  that  some  agencies  are  imposing.  Although  this  goal  is  probably  not 
achievable,  several  systems  developed  in  the  past  decade  may  come  close  when 
improvements  in  design  and  operation  are  made. 
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Dewatering  Findings 


The  fish  diversion  systems  described  and  evaluated  in  this  document  for  further  R&D  include:  Angled 
Drum  Screens,  Angled  Stationary  Screens,  Inclined  Pressure  Screens,  Submerged  Traveling  Screens  (STS) 
and  Gatewell  Systems. 

Krcma,  Farr  and  Long  (1979)  evaluated  debris  removal  methods  for  bar  screens  (wedge-wire)  for  use  at 
hydroelectric  facilities.  Backflushing  appeared  to  be  the  most  effective  method  for  removal  of  debris. 
A  reversal  of  water  flow  through  the  screen  for  10  seconds  was  sufficient  to  remove  virtually  all  of  the 
debris.  Backflushing  interval  depends  on  the  rate  of  accumulation  of  debris.  However,  it  was 
estimated  that  during  the  months  of  July  and  August  at  McNary  Dam  on  the  mainstem  of  the  Columbia 
River,  a  very  conservative  backflush  rate  would  be  once  every  24  hours,  [p.  4-75] 

McGroddy,  Petrich  and  Larson  (1981)  evaluated  fouling  and  clogging  of  fine-mesh  cylindrical  wedge- 
wire  for  use  at  offshore  intakes  in  marine  environments.  The  biofouling  study  was  conducted  at  the 
Redondo  Beach  Generating  Station  in  California.  Results  indicate  that  biofouling  growth  will 
accumulate  on  screens  placed  in  either  shallow  or  offshore  marine  waters  and  contribute  to  hydraulic 
losses.  Therefore,  based  on  the  identified  need  for  frequent  cleaning  and  the  lack  of  a  reliable  system  to 
accomplish  the  cleaning  in  an  offshore  installation,  the  retrofit  of  fine-mesh  0.04-0.08  in.  (l-2mm) 
cylindrical  screens  on  offshore  marine  intakes  was  not  recommended,  [pp.  4-77  to  4-78] 

A  barrier  net  has  been  used  in  the  forebay  of  Brownlee  Dam  on  the  Snake  River  in  Idaho.  It  consisted  of 
a  web  of  plastic  sheeting  that  extended  over  2,000  feet  from  shore  to  shore  and  was  120  feet  deep.  The 
net  was  supported  by  a  floating  boom  that  contained  three  V-shaped  traps  for  the  collection  of  fish. 
Use  of  the  barrier  net  was  abandoned  due  to  the  rapid  deterioration  of  the  plastic  sheeting,  resulting 
from  wave  action  (Richer,  1985).  [p.  4-83] 

One  study  at  the  Hanford  Generating  Plant  on  the  Columbia  River  showed  95  percent  survival  of 
Chinook  salmon  fry  (40-50mm)  96  hours  after  collection  from  a  continuously  traveling  screen  modified 
specifically  for  fish  protection  with  lifting  buckets  and  low  pressure  sprays  (Page,  Gray  and  Neitzel, 
1976).  [pp.  4-93  to  4-94] 

At  the  North  Fork  Project  on  the  Clackamas  River  in  Oregon,  angled,  vertical  traveling  screens  are 
installed  at  two  locations  along  a  1.9  mile  long  fish  ladder  (Gunsolus  and  Eicher,  1970).  Downstream 
migrants ,  primarily  chinook  and  coho  salmon,  steelhead  trout,  resident  trout  and  whitefish,  can  enter 
the  fish  ladder  at  the  North  Fork  Dam  via  a  downstream  migrant  channel.  From  this  point  they  can 
pass  either  through  an  open  port  in  a  gate  system  or  can  travel  farther  downstream  where  they  are 
diverted  by  a  set  of  angled  screens  and  bypassed  to  the  fish  ladder.  The  screens  are  oriented  at  a  22° 
angle  to  the  flow.  Gunsolus  and  Eicher  (1970)  found  100  percent  survival  for  the  fish  using  the  bypass 
into  which  the  screens  feed.  The  system  is  less  effective  for  chinook  smolts  which  tend  to  migrate  at 
deeper  depths  and  therefore  are  not  as  greatly  attracted  to  the  near-surface  downstream  migrant 
channel  as  are  the  other  species,  [pp.  4-120  to  4-122] 

Fish  diversion  studies  were  carried  out  in  1983  and  1985  on  the  Newhalen  River  near  Iliamna,  Alaska, 
as  part  of  a  hydropower  development  feasibility  study  (Taft  and  Isakson,  1983).  Studies  were 
conducted  in  a  4x4  x  4  ft  test  flume  using  sockeye  salmon  outmigrants  and  smolts.  Fish  diversion  tests 
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were  carried  out  using  a  0.04  in.  (1  mm)  mesh  angled  screen  set  at  25°  to  the  approach  flow.  [p.  4-128] 

At  the  Tusket  River,  Nova  Scotia  hydroelectric  dam,  a  fish  bypass  was  constructed  through  the 
powerhouse  and  a  vacant  draft  tube  opening  to  allow  downstream  migrants  to  avoid  the  turbines 
(Semple  and  McLeod,  1976).  In  order  to  guide  downstream  migrants  away  from  the  intakes  and  into  the 
bypass,  an  experimental,  floating-screen  deflector  was  extended  upstream  from  the  powerhouse  forebay 
wall.  [p.  4-130] 

Laboratory  and  large  scale  studies  of  rotating  conical  screens  with  fixed  cleaning  spray  and  internal 
bypasses  have  shown  high  fish  diversion  efficiencies  (Pavlov  and  Pakhorukov,  1974).  ]pp.  4-133  to  4- 
134] 

Rotary  drum  screens  have  been  used  extensively  at  water  diversions  to  block  the  passage  of  fish  into  the 
diversion  such  that  they  can  continue  their  downstream  passage.  (Easterbrooks,  1984)  Jpp.  4-140  to  4- 
145] 

At  Portland  General  Electric's  (PGE)  Pelton  Hydroelectric  Project,  downstream  migrants  were 
successfully  bypassed  around  the  turbines  via  an  inclined  screen  or  "skimmer"  which  concentrates  the 
fish  into  a  relatively  small  volume  for  transport  the  the  tailwater.  The  use  of  the  skimmer  was 
discontinued  in  the  early  1970's  when  the  construction  of  the  Round  Butte  Hydroelectric  Facility 
prevented  further  upstream  migration  to  the  Pelton  Project  (Eicher,  1958).  [p.  4-146] 

A  similar  concept  is  employed  at  PGE's  T.W.  Sullivan  Hydroelectric  Plant  at  Willamette  Falls 
(Eicher,  1982).  At  this  plant,  downstream  migrants  are  diverted  past  12  of  the  13  turbines  via  a  louver 
array  and  subsequently  enter  the  Unit  No.  13  penstock.  In  this  21-ft  long  by  11-ft  wide  diameter 
penstock,  an  inclined  screen  was  placed  at  an  angle  of  19°  to  the  flow.  The  screen  is  of  the  wedge-wire 
design  with  0.08  in.  (2mm)  bars  with  0.08  in.  (2mm)  clear  spacing.  Because  of  the  semi-buoyant  nature  of 
the  incoming  debris,  the  smooth  surface  of  the  screen,  the  high  ratio  of  bypass  to  screen  approach 
velocity  (5:1.5)  and  the  shallow  angle  of  inclination,  the  screen  has  proven  to  be  largely  self-cleaning. 
Salmonids  show  98  percent  screening  efficiency  and  better  than  90  percent  survival  through  the  bypass. 
(Cramer,  1982:  Miller,  1984)  [pp.  4-146  to  4-149] 

The  Winchester  Dam  located  on  the  North  Umpqua  River,  Oregon,  uses  an  incline  screen  fish 
collection /bypass  system  located  in  each  of  2  intake  bays  to  prevent  fish  from  passing  through  the 
turbines.  The  screen  series  in  each  intake  consist  of  main  and  transition  screens.  The  main  screens  pivot, 
sloping  from  the  intake  bay  bottom  at  the  upstream  end  upward  to  the  transition  screens.  The  transition 
screens  neck  down  at  the  downstream  end  of  the  bay  and  concentrate  fish  in  front  of  the  bypass  pipe 
(Wagner,  1984).  (pp.  4-149  to  4-152] 

Interim  information  is  available  on  tests  conducted  at  the  University  of  Washington  Hydraulics 
Laboratory  using  model  inclined  plane  screens.  No  descaling  occurred  in  tests  using  coho  and  steelhead 
fingerlings  or  small  (90-day  type)  and  large  (yearlings)  fall  chinook  smolts.  Except  for  size-related 
response  differences  (smallest  fish  passed  through  most  rapidly),  behavior  of  different  species  under 
varying  hydraulic  and  structural  conditions  appeared  identical  (Eicher,  1985).  [pp.  4-153  to  4-154] 

Vigander  (1978),  Smith  and  Vigander  (1978),  Cook  (1978)  and  Smith  and  Ferguson  (1979)  present 
extensive  information  on  the  hydraulic  characteristics  of  wedge-wire  (bar)  screen  which  serves  as  a 
guideline  for  selecting  proper  mesh  sizes  for  specific  applications.  As  Eicher  (1982)  points  out,  given 
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proper  orientation  and  velocity,  the  screens  are  largely  self-cleaning,  [pp.  4-154  to  4-155] 

The  submerged  traveling  screen  (STS)  has  been  studied  extensively  at  a  number  of  hydroelectric 
facilities  on  the  Columbia  River  and  its  tributaries.  Since  1975,  the  NMFS  has  been  conducting  studies 
on  these  screens  for  the  U.S.  Army  Corps  of  Engineers  (COE)  for  use  at  Bonneville  Dam,  McNary  Dam 
and  other  COE  dams  on  the  mainstem  of  the  Columbia  and  Snake  Rivers  (Farr,  1974:  Krcma,  Farr  & 
Long,  1979:  Long  &  Krcma,  1969).  [pp.  4-155  to  4-1162] 

Model  and  prototype  studies  and  application  of  louver  systems  have  shown,  in  many  cases,  greater  than 
85  percent  guidance  efficiency  under  many  different  experimental  conditions  with  a  variety  of  fish 
species  (Taft  &  Mussalli,  1978).  [pp.  4-164  to  4-189] 

A  bypass  system  using  a  horn  design  with  pumped  attraction  water  has  been  used  at  Green  Peter  Dam  on 
the  Middle  Fork  Santiam  River  since  1967.  Species  of  concern  are  limited  to  winter  steelhead  smolts. 
The  period  of  facility  operation  is  requested  by  the  Oregon  Department  of  Fish  and  Wildlife  and 
reflects  smolt  movements.  During  this  time  the  facility  is  operated  around  the  clock.  Most  fish  appear 
to  move  at  night,  [p.  4-189] 

This  reference  has  been  updated  by: 

•  EPRI  TR-104122,  "Research  Update  on  Fish  Protection  Technologies  for  Water  Intakes",  May 
1994. 
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Objectives:  To  comprehensively  review  the  research  advances  in  fish  protection  technologies 

since  EPRI's  1986  technology  status  report  (EM-4711). 


Results:  The  most  significant  advances  have  been  made  in  the  development  of  high- 

velocity  fish  screens  and  the  application  of  strobe  lights  and  transducer-generated 
sounds  for  repelling  fish.  Successful  results  obtained  in  several  studies  indicate 
that  these  technologies  are  evolving  toward  use  in  full-scale,  permanent 
applications. 
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Dewatering  Findings 


Fish  diversion  systems  include  various  designs  of  pivoting,  fixed  or  traveling  screens,  louvers  and  other 
types  of  bypasses  associated  with  traditional  or  angled  bar  racks.  Various  fishery  management 
agencies  have  developed  velocity  criteria  for  fish  screens  which  can  be  used  as  a  guideline  in  designing 
fish  diversion  systems.  Care  should  be  taken  when  using  these  criteria,  since  final  criteria  are 
generally  set  and  approved  by  the  agencies  on  a  site-by-site  basis,  [p.  5-1] 

The  basis  for  screening  criteria  established  by  the  National  Marine  Fisheries  Service  (NMFS)  and 
factors  to  be  considered  in  the  design  of  angled  screening  facilities  and  bypasses  are  discussed  in  two 
recent  papers:  Rainey  (1985)  and  Pearce  and  Lee  (1991).  [p.  5-1] 

Comprehensive  information  relating  to  the  design  of  high-velocity  saeens  (Inclined  Pivoting  Screens) 
is  presented  in  an  EPRI  report  (TR-104120, 1994).  [p.  5-3] 

EPRI  has  pursued  a  program  to  refine  and  evaluate  the  Eicher  screen  concept  since  1984.  EPRI  funded  a 
laboratory  study  in  1984-85  which  evaluated  passage  success  with  rainbow  trout  and  smolts  of  coho 
salmon,  chinook  salmon  and  steelhead  trout  at  the  Harris  Hydraulics  Laboratory,  University  of 
Washington  (EPRI  1987,  Wert  1988).  A  full  scale  installation  of  an  Eicher  screen  was  installed  at  the 
Elwha  Hydroelectric  Project  in  Washington  State,  [p.  5-7] 

EPRI  is  currently  conducting  model  studies  at  the  Alden  Research  Laboratory  of  a  Modular  Inclined 
Screen  (MIS)  designed  primarily  for  non-penstock  applications  (EPRI  Patent  pending).  The  studies  are 
intended  to  evaluate  the  biological  effectiveness  of  a  standardized  design  that  could  eliminate  the 
need  for  site-specific  hydraulic  model  studies  and  biological  evaluations.  For  detailed  information  on 
the  design  of  this  type  of  screen,  refer  to  EPRI  (TR-104120,  1994  &TR-104121,  1994).  [p.  5-11] 

A  set  of  fixed  inclined  screens  were  installed  at  the  Twin  Falls  Hydroelectric  Project  on  the  South  Fork 
of  the  Snoqualmie  River  in  Washington  State.  Severe  debris  management  problems  were  experienced 
with  the  screens  during  initial  operation.  An  air-burst  cleaning  system  was  installed  in  the  summer  of 
1990  (Ott  and  Jarrett  1991).  [p.  5-18] 

Williams  (1990)  provides  a  general  overview  of  the  problems  and  trends  encountered  at  submerged 
traveling  screens  (STS)  facilities  studied  over  the  past  20  years.  Test  results  from  prototype  studies 
conducted  at  McNary,  Little  Goose  and  The  Dalles  Dams  during  1991-1993  are  discussed  in  Turner  et  al. 
(1993).  [p.5-20] 

While  much  of  the  past  research  regarding  the  effectiveness  of  fish  bypass  systems  on  the  Columbia 
River  has  focused  on  improving  guidance  efficiency,  many  other  factors  must  be  considered  to  assess  the 
effect  of  a  bypass  system  on  the  total  survival  of  all  fish  passing  the  project.  These  include  the  effect  of 
the  screen  on  survival  of  non-bypassed  fish.  For  a  more  complete  discussion  of  these  factors,  refer  to 
Ferguson  (1992).  [p.  5-22] 

A  declined  screen  mounted  in  an  intake  canal  at  the  Salmon  River  hydroelectric  diversion  in  British 
Columbia  is  described  by  Bomford  and  Lirette  (1991),  The  screen  hinges  form  its  upstream  end,  and  the 
downstream  end  is  held  in  its  operating  position  via  a  ballast  tank.  The  screen  is  designed  to  operate 
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passively,  in  a  structurally  fail-safe  manner  and  without  power,  [p.  5-22] 

Angled  fixed  screens  have  been  installed  by  California  Fish  and  Game  at  a  targe  number  of  irrigation 
diversions  in  California,  and  this  type  of  design  is  becoming  more  common  in  the  Pacific  Northwest. 
Most  designs  utilize  perforated  plate  or  wedge-wire  screening  material,  with  mechanically-driven 
brushes  for  debris  management.  The  first  large-scale  application  of  an  angled  fixed  screen  design  in  the 
Pacific  Northwest  was  installed  at  the  Leaburg  Hydroelectric  Project  operated  by  the  Eugene  Water 
and  Electric  Board  (EWEB)  on  the  McKenzie  River  in  Oregon.  (EWEB  1992).  [p.  5-22  to  5-26] 

During  1992-93,  two  new  fixed  screens  were  constructed  in  central  Washington.  The  Naches 
Hydroelectric  Project  (Wapatox)  screens  (Naches  River  -  Yakima  basin)  are  sized  for  a  500  cfs 
diversion,  and  utilize  vertically  oriented  stainless  steel  bar  screens  with  0.125-inch  clearance, 
deployed  in  a  single-vee  configuration.  Screens  are  cleaned  of  debris  by  trolley  mounted  brushes. 
Bypass  flow  is  20  to  30  cfs.  The  Dryden  screens  (Wenatchee  River)  are  sized  for  a  200  cfs  irrigation 
diversion  and  also  uses  screens  with  0.125  -inch  clearance  and  trolley  mounted  brushes  for  cleaning. 
Both  facilities  have  adjustable  full-length,  vertically  oriented  louvers  approximately  18  inches 
downstream  of  the  screens  to  control  porosity  and  achieve  uniform  velocity  distribution  at  the  screen 
faces.  This  design  feature  is  now  standard  for  fixed  screens,  based  on  the  substantial  bypass 
improvements  realized  from  a  retrofit  of  this  feature  at  the  Leaburg  screens  (This  report),  [pp.  5-29  to 
5-31] 

Angled  drum  screens  are  generally  considered  to  offer  the  best  available  method  of  protecting  fish  at 
sites  with  high  debris  loads.  Two  recent  papers  Qohnson  1988;  Rainey  1990)  have  discussed  factors  to  be 
considered  in  the  design  of  angled  drum  screen  facilities.  Jp.  5-32] 

Angled  traveling  screens  have  been  studied  extensively  for  use  at  steam  electric  station  water  intakes. 
Installation  and  maintenance  costs  have  prevented  extensive  use  of  these  screens  at  hydroelectric 
facilities.  For  more  detail  on  angled  travelling  screens  refer  to  LMS  (1985;1987).  [p.  5-35  to  5-37] 

A  louver  system  consists  of  an  array  of  evenly  spaced,  vertical  slats  aligned  across  a  channel  at  a 
specified  angle  and  leading  to  a  bypass.  The  Northeast  Utilities  Service  Company  has  undertaken  a 
major  research  effort  evaluating  the  use  of  louvers  for  diverting  juvenile  and  adult  clupeids  and 
Atlantic  salmon  smolts  at  the  Holyoke  Canal  and  the  Hadley'  Falls  Hydroelectric  Project  on  the 
Connecticut  River  in  Holyoke,  Massachusetts.  For  more  detail  on  louver  systems  refer  to  NUSCO  (1990) 
and  Harza  (1992).  15-42  to  5-48] 

Since  the  1980s,  angled  bar  racks  combined  with  controlled  spills  at  a  bypass  facility  have  become  one 
of  the  most  frequently  prescribed  fish  protection  systems  for  hydroelectric  projects,  particularly  in  the 
Northeastern  United  States.  Most  of  the  angled  bar  rack  facilities  have  been  installed  at  small 
projects  (<1,000  cfs),  and  their  performance  in  diverting  fish  has  not  been  evaluated  in  most  cases.  The 
first  evaluation  of  this  concept  was  a  study  conducted  at  the  Wadhams  Hydroelectric  Project,  a  small 
(150  cfs  capacity)  project  located  on  the  Bouquet  River  in  Wadhams,  New  York.  For  more  detail  on 
angled  bar  racks  refer  to  Nettles  and  Gloss  (1987).  ]p.  5-51] 
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Appendix  A  Supplemental  Information 

Objectives:  To  summarize  the  results  of  recent  fish  protection  studies  and  provide  guidance  for 

designing,  installing  and  maintaining  effective  installations. 

Results:  Recent  studies  have  shown  that  many  types  of  fish  can  be  protected  at  rates 

exceeding  99%  using  high-velocity  screening  systems  that  typically  can  be 
installed  at  about  one-half  the  cost  of  conventional  low-velocity  technologies. 
Similarly,  barrier  nets  can  provide  a  high  level  of  protection  at  a  very  low  cost  for 
some  types  of  sites.  In  addition,  promising  results  obtained  in  several  recent  studies 
indicate  that  behavioral  guidance  systems  employing  strobe  lights  and  transducer¬ 
generated  sound  appear  to  be  evolving  from  an  R&D  status  toward  full-scale 
deployment  at  a  number  of  sites. 
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The  most  common  physical  bypass  systems  currently  in  use  at  water  intakes  in  the  U.S.  include  angled 
bar  racks  and  low-velocity  screening  systems.  Recent  research  has  demonstrated  that  high-velocity 
screening  systems  can  offer  a  cost-effective  alternative  to  these  devices.  For  more  detailed  information 
see  Section  3.2  and  3.3  of  this  report  and  EPRI TR-1 04122  (May  1994).  [p.  2-6] 

Angled  bar  racks  represent  a  low  to  moderate  cost  option  for  some  sites,  although  the  civil  works 
required  at  many  sites  may  result  in  costs  comparable  to  other  screening  alternatives.  The  theoretical 
basis  of  an  angled  bar  rack  is  that  larger  fish  will  be  physically  excluded,  and  that  smaller  fish  may 
avoid  the  turbulence  created  by  the  rack  and  guide  along  its  length  to  the  bypass.  Based  on  results 
obtained  at  louver  facilities,  it  is  not  likely  that  this  system  will  be  very  effective  in  guiding  fish 
smaller  than  about  60  to  100  mm.  Additional  information  on  the  effectiveness  of  angled  bar  racks 
should  become  available  in  the  next  few  years  as  monitoring  studies  required  by  FERC  at  several  sites 
become  available  (This  Report),  [p.  2-6] 

A  variety  of  low-velocity  screening  systems  have  been  installed  to  divert  fish  at  water  intakes.  These 
include  angled  drum  screens,  angled  panel  screens,  inclined  screens  and  cylindrical  screens.  At  present 
low-velocity  screening  systems  offer  the  only  proven  means  for  diverting  very  small  (<  30  to  40  mm) 
fish.  Many  studies  have  demonstrated  that  a  well-designed  system  causes  little  injury  or  mortality  to 
the  fish  that  are  bypassed,  but  few  studies  have  conclusively  demonstrated  a  diversion  efficiency 
exceeding  90  to  95%.  The  fate  of  non-recovered  fish  has  rarely  been  quantified.  These  types  of 
facilities  are  typically  among  the  most  costly  of  the  available  bypass  options  (This  Report),  [p.  2-6] 

The  high-velocity  screening  systems  described  in  detail  in  this  document  may  provide  a  significant  cost 
savings  over  low-velocity  screening  systems.  Studies  conducted  to  date  at  two  full-scale  applications  of 
the  Eicher  Screen  (for  screening  penstocks)  and  laboratory  studies  of  the  Modular  Inclined  Screen  (MIS) 
(designed  for  any  water  intake)  indicate  equal  or  better  effectiveness  than  low-velocity  screening 
alternatives.  The  data  indicate  that  both  the  Eicher  screen  and  MIS  options  are  capable  of  providing 
passage  survival  rates  exceeding  99%  at  velocities  up  to  6  to  10  fps  depending- on  the  target  species  and 
size  of  fish  (This  Report),  [p.  2-7] 

Complete  results  of  biological  testing  and  hydraulic  modeling  of  Modular  Inclined  Screens  are  presented 
in  EPRITR-104121  (1994).  ]p.  3-64] 

A  biological  evaluation  of  the  MIS  was  conducted  in  a  laboratory  setting  at  the  Alden  Research 
Laboratory,  Inc.  (ARL)  during  1992  and  1993.  Passage  of  test  species  and  size  groups  were  evaluated 
under  both  clean  screen  and  debris  conditions,  and  a  series  of  tests  evaluating  modified  bypass  glows 
was  conducted  with  one  species.  Several  publications  listed  below  and  a  comprehensive  report  (EPfU 
TR-104121,  1994)  summarize  the  methods  and  results  of  the  MIS  biological  evaluation. 

Cook,  Taft  Hecker  and  Sullivan  (1993),  Taft,  Amaral,  Winchell  and  Sullivan  (1993),  Taft,  Winchell 
and  Sullivan  (1992)  and  Winchell,  Amaral,  Taft  and  Sullivan  (1993)  discuss  the  MIS  and  give  general 
descriptions  and  guidance  for  MIS  applications. 

Wisconsin  Electric  Power  Company  (WEPCO)  has  evaluated  methods  to  reduce  fish  entrainment  at  a 
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number  of  its  hydroelectric  facilities.  Results  of  the  evaluation  indicated  that  the  installation  of  a 
barrier  net  could  offer  a  most-effective  method  for  preventing  fish  entrainment  and  potential  mortality 
at  the  Pine  Hydroelectric  Project.  The  barrier  net  is  approximately  260  ft  in  length,  with  the  height 
varying  from  2  ft  to  35ft.  The  barrier  net  was  fabricated  to  match  the  flowage  bottom  as  closely  as 
possible  The  net  was  intentionally  installed  with  the  top  line  12  to  18  inches  below  the  surface  to 
allow  surface  debris  (leaves,  pine  needles,  sticks)  to  pass  freely  over  it.  The  net  material  was  noted 
nylon  and  the  mesh  was  1/2  inch  square  (1  inch  stretch).  [This  Report  Appendix  A.2] 
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Objectives: 

To  demonstrate  the  biological  effectiveness  of  a  standardized,  compact,  modular, 
high-velocity  fish  screen  design  that  could  be  applied  at  most  water  intakes  with 
minimal  adaptation. 

Results: 

MIS  is  capable  of  protecting  most  species  of  fish  at  rates  exceeding  99%  over  a  wide 
range  of  approach  velocities.  The  modular  design  resulted  in  a  very  uniform 
velocity  distribution  over  the  length  of  the  screen  without  the  need  for  baffles  or 

changes  in  screen  porosity. 
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In  1991,  the  Electric  Power  Research  Institute  (EPRI)developed  a  new^  fish  diversion  screen  concept.  The 
new  screen  is  known  as  the  Modular  Inclined  Screen  (MIS).  The  modular  design  is  intended  to  allow 
application  of  the  MIS  at  any  type  of  water  intake.  Installation  of  multiple  units  at  a  specific  site  can 
provide  fish  protection  at  any  flow  rate. 

The  module  consists  of  an  entrance  with  trash  racks,  dewatering  stoplog  slots,an  inclined  wedge-sire 
screen  set  at  a  shallow  angle  (15"^)  to  the  flow  and  a  bypass  for  directing  diverted  fish  to  a  transport 
pipe.  The  screen  is  mounted  on  a  pivot  shaft  so  that  it  can  be  cleaned  by  backflushing.  The  module  is 
completely  enclosed  and  is  designed  to  operate  at  water  velocities  ranging  from  2  to  10  fps,  depending  on 
the  species  and  life  stages  to  be  protected.  The  screen  in  a  prototype  would  be  approximately  10  feet 
wide  by  31  feet  long,  and  would  be  capable  of  screening  up  to  800  cfs  at  a  velocity  of  10  fps.  Guide  walls, 
which  slope  inward  at  an  angle  of  20°  over  the  downstream  third  of  the  screen,  lead  to  the  2  x  2  ft 
bypass  entrance. 

Laboratory  studies  were  conducted  in  1992  and  1993  at  the  Alden  Research  Laboratory,  Inc.  (ARL)  in 
Holden  Massachusetts.  The  laboratory  evaluation  of  the  MIS  was  designed  to  evaluate: 

1.  the  design  configuration  which  yields  the  best  hydraulic  conditions  for  safe  fish  passage,  and 

2.  the  biological  effectiveness  of  the  optimal  design  for  diverting  selected  fish  species  to  a 
bypass. 

The  biological  evaluation  of  the  MIS  is  the  focus  of  this  report.  [M] 

Based  on  a  refined  design  developed  during  hydraulic  model  studies,  the  1:3.33  scale  biological  test 
facility  was  constructed  with  a  single  piece  of  50%  porosity  Hendrick  profile  bar  screen  and  set  at  an 
angle  of  15°.  Passage  success  was  evaluated  at  module  approach  velocities  of  2,  4,  6,  8  and  10  fps.The 
total  flow  volume  entering  the  MIS  facility  during  the  tests  ranged  from  15  to  80  cfs  and  bypass  flows 
ranged  form  0.8  to  4  cfs.  [3-1] 

The  fish  species  that  were  evaluated  were  selected  to  represent  the  types  of  fish  of  greatest  concern  at 
water  intakes  in  the  United  States  based  on  a  review  of  turbine  entrainment  and  mortality  studies  that 
have  been  conducted  in  recent  years  (ERPI  1992a).  Testing  conducted  with  the  Eicher  Screen  at  Elwha 
Dam  (EPRI  1992b)  has  demonstrated  that  inclined  wedge-sire  screens  are  highly  effective  in  diverting 
smolt-sized  (100  to  200  mm)  salmonids,  but  indicated  some  potential  for  mortality  and/or  impingement 
of  smaller  fish  (40  to  60  mm)  at  velocities  above  6  fps.  Due  to  the  more  even  flow  distribution  of  the 
MIS  hydraulic  model  compared  to  the  Eicher  Screen,  the  MIS  should  have  the  potential  for 
eliminating  unacceptable  diversion-related  mortality  of  relatively  small  fish.  [3-5] 

Debris  tests  with  mixed  deciduous  leaves  were  conducted  with  all  species  tested  in  1993.  1993  debris 
tests  were  conducted  at  incremental  head  losses  ranging  from  0.05  to  0.50  feet  depending  on  the  species. 
[3-11] 
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A  significant  modification  was  made  to  the  MIS  during  1993  testing.  After  the  first  series  of  tests  was 
completed  with  coho  salmon,  it  was  evident  that  fish  were  susceptible  to  impingement  on  the  screen 
edges  along  the  transition  walls  approaching  the  bypass.  A  review  of  impingement  locations  revealed 
that  the  majority  of  impingements  for  all  species  that  had  been  tested  occurred  along  the  transition 
wall  screen  edges.  In  an  attempt  to  eliminate  impingements  on  these  screen  locations,  a  0.5  inch  wide 
strip  of  duct  tape  was  placed  along  the  screen  edges  approaching  the  bypass.  After  the  modification,  no 
impingements  were  observed  along  the  screen  edges  during  the  remainder  of  the  tests  conducted.  [3-12] 

Additional  information  pertaining  to  design  of  an  MIS  installation  is  provided  in  "Research  Update  on 
Fish  Protection  Technologies  for  Water  Intakes",  EPRI  TR-104122,  May  1994. 
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Introduction:  The  Twin  Falls  Hydroelectric  project  is  typical  of  many  run-of-river,  high  head 

hydro  projects  in  that  its  intake  is  located  in  a  narrow  flood  and  debris-prone 
section  of  a  high  mountain  stream.  The  intake  is  also  screened  to  exclude  resident 
trout  from  entering  the  penstocks.  The  major  problem  is  keeping  the  screens  clean 
so  that  they  will  not  clog  and  create  uneven  through-screen  velocities.  Limited 
screen  access  and  susceptibility  to  flooding  excludes  many  of  the  conventional 
cleaning  mechanisms  in  that  they  are  too  expensive  to  install  and  maintain.  The 
Twin  Falls  project  was  fitted  with  an  air-burst  cleaning  system  that  is  flood  proof 
and  cost  effective  to  construct  and  maintain. 

Pertinent  Data:  The  turbine  intakes  consist  of  two  identical  caverns  fitted  with  passive  inclined- 

plane  fish  bypass  screens.  Each  screen  is  11  feet  wide,  136  feet  long  and  is  inclined 
upward  4°  from  the  upstream  end.  The  screens  are  constructed  of  stainless  steel 
wedge-wire  panels  with  1/4  inch  bar  spacing,  and  are  supported  from  below  with 
steel  I-beams  spaced  on  2  foot  9  inch  centers.  Each  screen  passes  flows  ranging 
from  50  to  355  cfs.  Bypass  flows  ranging  from  20  to  38  cfs  pass  over  a  full-width 
weir  at  the  downstream  end  of  each  screen  into  a  common  fish  bypass  channel 
which  re-enters  the  river  downstream  of  the  project. 

General  Criteria:  The  model  used  for  preliminary  design  was  the  air-burst  system  operating  at  the 

Arbuckle  Mountain  Hydroelectric  project  located  in  Northern  California.  Even 
though  the  Arbuckle  project  used  vertical  cylinderical  screens  (Ott,  et.  al.  1987) 
many  of  the  design  criteria  were  directly  applicable  to  Twin  Falls.  These 
criteria  and  others  found  in  the  references  are  listed  below: 

•  Air  should  be  uniformly  released  across  the  section  to  be  cleaned. 

•  Air-burst  pressures  should  be  capable  of  being  varied  from  80  to  125  psi. 

•  The  volume  of  air  released  should  completely  fill  the  area  between  the  supports  below  each 
screen  section. 
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•  The  burst  duration  should  be  variable  between  1  to  5  seconds. 

•  The  burst  cycle  should  start  upstream  and  work  downstream  to  the  overflow  weir. 

•  The  length  of  time  between  individual  bursts  should  be  variable  between  10  to  20  seconds. 

•  The  time  between  complete  burst  cycles  should  be  variable,  usually  1  cycle  per  hour  for  clean 

water  periods  and  15  to  20  cycles  per  hour  in  high  debris  load  periods. 

•  Air  should  not  be  entrained  into  the  penstock  so  as  to  cause  high  dissolved  gases  in  the  river 

below  the  tailrace. 

Conclusions:  An  air-burst  cleaning  system  at  the  Twin  Falls  Hydro  project  shows  a  promising 

concept,  whereby  fish  screens  in  remote,  flood-prone  sites  can  economically  and 
effectively  be  cleaned.  The  system  may  be  a  cost-effective  way  to  clean  screens 
that  are  retrofitted  on  remote,  confined  sites  where  access  is  limited. 

References:  Brown,  R.T.,  J.  Gordon  and  C.  Bohac.  1990.  "Measurement  of  Upwelling  Flow  from  Air 
Diffuser",  Journal  of  Environmental  Engineering,  Vol.  115(6). 

Hosey  and  Associates.  1990.  "Fish  Bypass  Evaluation  for  the  Twin  Falls  Hydroelectric 
Project". 

Ott,  R.F.,  J.J  Strong  and  H.E.  Finch.  1987.  "Arbuckle  Mountain  Hydro  Vertical-Axis  Fish 
Screen",  Waterpower  '87,  Volume  1. 
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Introduction 


The  Grant  County  Public  Utility  District  #2  (District)  has  been  actively  pursuing  an  effective 
and  viable  method  of  diverting  downstream  migrating  salmon  smolts  away  from  the  turbine 
intakes  of  their  Wanapum  and  Priest  Rapids  Dams  for  a  number  of  years.  The  current  design  at 
Wanapum  consists  of  fixed  bar  submerged  diversion  screens  similar  to  those  being  employed  at 
other  Columbia  and  Snake  River  projects.  Fish  Guidance  Efficiency  (FGE)  tests  have  shown 
that  the  screen  has  not  been  able  to  consistently  divert  70%  of  the  migrating  salmon  away  from 
the  turbines. 

The  District  has  been  investigating  the  use  of  a  surface  flow  attraction  diversion  system  as  an 
alternative  to  turbine  intake  screening.  The  system  is  based  on  the  knowledge  that  salmon 
smolts  tend  to  be  surface  oriented  fish  and  would  be  likely  to  choose  an  alternative  to  diving 
deep  into  the  unit  intakes  if  one  was  available  to  them. 

USAGE  is  currently  developing  a  surface  bypass  system  prototype  similar  to  the  alternative 
described  in  Option  1  (below)  to  be  tested  during  the  '96  season  at  Lower  Granite  Lock  and  Dam. 

Assumptions/Considerations/Desien  Options 

Analysis  of  experimental  and  operational  surface  flow  attraction  systems  shows  that  the 
efficiency  of  a  system  in  diverting  juvenile  salmonids  away  from  turbine  intakes  depends  on  a 
number  of  factors.  The  ideal  combination  of  these  factors  to  produce  desirable  results  at  any 
given  site  is  not  clearly  known  and  research  is  currently  on-going.  The  following  are  some  of  the 
factors  which  were  considered  during  the  design  of  a  surface  flow  attraction  system  for 
Wanapum  Dam: 

•  The  system  should  create  a  velocity  field  in  the  upper  half  of  the  forebay  which  tends  to 
attract  the  fish. 


Surface  Flow 


Page  1 


Wed,  Apr  26,  1995 


•  A  sufficient  quantity  of  flow  needs  to  be  used  so  that  a  fish  moving  downstream  can  sense  the 
velocity  field  far  enough  upstream  that  it  presents  a  viable,  attractive,  alternative  to 
following  the  turbine  flow. 

•  The  entrances  to  the  system  must  be  as  close  to  the  turbine  intakes  as  possible,  preferably 
directly  above  them  as  at  Wells  Dam. 

•  To  be  as  fish  friendly  as  possible,  the  intakes  should  extend  over  the  same  portion  of  the  water 
column  that  the  juvenile  salmon  naturally  occur  in  so  as  to  not  force  the  fish  to  change 
elevations  to  enter  the  system. 

•  Channel  velocities  should  be  high  enough  to  keep  the  fish  moving  through  the  channel,  but  low 
enough  so  as  not  to  cause  excessive  head  loss. 

•  Since  it  is  not  yet  known  what  the  horizontal  fish  distribution  will  be  with  the  influence  of  the 
attraction  velocities  imposed  on  the  forebay,  a  linear  distribution  is  assumed  and  system 
entrances  are  evenly  spaced  along  the  powerhouse. 

At  Wanapum  Dam,  the  trash  sluice  and  spillways  are  located  too  far  from  the  powerhouse 
units  to  be  an  effective  source  of  diversion  for  fish  which  have  been  attracted  toward  the 
powerhouse  flow.  It  was  proposed  that  a  channel  be  constructed  which  extends  completely 
across  the  face  of  the  powerhouse  directly  above  the  unit  intakes,  similar  to  an  ice  and  trash 
sluiceway  but  much  deeper.  On  the  forebay  side,  the  channel  wall  contains  vertical  slots  for 
allowing  water  to  flow  unimpeded  from  the  upper  portion  of  the  forebay  into  the  channel. 

A  set  of  preliminary  design  assumptions  concerning  total  flow,  individual  slot  flows,  channel 
depth,  channel  velocities,  number  of  slots,  slot  dimensions  and  slot  spacing  was  developed  for 
the  purpose  of  creating  conceptual  design  options.  Design  assumptions  were  as  follows: 

•  The  floor  of  the  channel  is  set  low  enough  to  occupy  approximately  50%  of  the  water 
column 

•  The  slots  are  spaced  90  feet  apart  providing  for  one  slot  per  turbine. 

•  Slot  dimensions  will  be  somewhat  adjustable,  however  they  will  initially  be  sized  for 
a  flow  of  750  cfs  which  represents  5%  of  one  unit  flow  (15,000  cfs). 

•  The  channel  is  sized  based  on  a  maximum  channel  velocity  of  7  fps. 

•  The  channel  will  contain  14  slots,  one  for  each  of  the  existing  ten  units  and  four 
additional  slots  for  future  units. 

Five  options  were  investigated  for  further  consideration  to  create  a  surface  flow  attraction 
system  at  Wanapum  Dam.  Each  of  the  options  incorporate  the  basic  channel  and  slot 
configuration  as  described  above.  The  differences  between  the  options  concern  the  method  of 
discharging  the  fish  downstream  of  the  dam. 
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Option  1  -  Spillway  Dischai^e 


Option  1  consists  of  a  steel  channel  in  the  forebay,  attached  to  the  powerhouse  pier  noses, 
extending  across  the  existing  and  future  units.  The  channel  continues  past  Unit  16  and 
discharges  the  entire  flow,  including  fish,  through  the  first  spillway  bay  beyond  the  existing 
trash  sluice.  The  channel  is  6.5  feet  wide  at  Unit  1  and  expands  1.75  feet  at  each  slot  (between 
each  unit)  to  a  final  width  of  29.25  feet.  The  slots  are  located  on  the  transition  surfaces. 

Option  2  -  Future  Unit  11  Discharge 

Option  2  is  the  same  configuration  as  Option  1,  but  would  discharge  water  and  fish  through  the 
Future  Unit  11  intake  structure  instead  of  the  spillway.  Discharge  is  controlled  by 
bulkhead /slide  gates. 

Option  3  -  Low  Velocity  Dewatering  Screens 

Option  3  is  the  same  configuration  as  Option  1,  however  this  option  includes  dewatering.  Inside 
the  channel  is  a  full  height  vertical  wall  extending  from  slot  6  to  the  downstream  end  of  the 
channel.  The  wall  has  perforated  screen  sections  with  porosity  plates  on  the  back  side.  Each 
perforated  screen  section  is  sized  to  pass  approximately  350  cfs.  Channel  velocities  remain  at  5 
to  7  fps,  screen  normal  velocities  are  0.5  fps.  At  the  end  of  the  channel  the  bypass  flow 
remaining  is  approximately  350  cfs.  The  bypass  flow  enters  a  6-foot  diameter  transportation 
pipe  which  can  be  routed  to  an  appropriate  location.  This  configuration  would  discharge  excess 
water  through  the  Future  Unit  15  intake  structure.  Discharge  through  Future  Unit  15  is 
controlled  by  bulkhead /slide  gates. 

Option  4  -  High  Velocity  Dewatering  Screens 

Option  4  uses  screens  to  remove  the  excess  channel  flow  as  in  Option  3.  However,  high  velocity 
bar  screens  are  used  in  this  Option.  The  bar  screens  are  similar  to  the  submerged  bar  screens 
currently  in  use  at  many  of  the  Columbia  and  Snake  River  projects.  The  high  velocity  screens 
gross  area  is  5,100  square  feet  as  compared  to  20,400  square  feet  for  the  low  velocity  screens  used 
in  Option  3.  Channel  velocities  remain  at  5  to  7  fps,  screen  normal  velocities  are  2.0  fps. 

Option  5  -  Pump-back  Attraction  System 

Option  5  entails  using  submerged  pumps  located  behind  low  velocity  screens  to  develop  the 
necessaiy  attraction  flow  through  the  intake  slots.  A  major  difference  between  this  option  and 
the  other  options  is  that  there  would  not  be  a  continuous  channel.  Each  unit  of  the  powerhouse 
has  an  individual  collection  box.  Each  box  contains  one  adjustable  slot  panel  with  a  flow  of  750 
cfs.  As  the  fish  travel  the  90  feet  from  the  slot  at  one  end  to  the  discharge  at  the  opposite  end, 
approximately  730  cfs  passes  through  a  low  velocity  full  height  screen  wall  similar  to  that 
described  in  Option  3. 

See  Document  No.  21  -  "Wanapum  Attraction  Flow  Prototype  -  Bid  Drawings  and 
Specifications"  and  Summary  No.  7  for  the  final  alternative  for  prototype. 
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Reference/Title:  Wanapum  Attraction  Flow  Prototype 

Author/Document  No.:  Sverdrup  Corporation 

Publication  Date:  9/6/94 

Background:  There  are  two  other  significant  documents  available  on  the  Wanapum  Bypass, 

Document  20  (1993)  and  94  (1995),  which  are  summarized  in  Summary  No.  7  and  14, 
respectively.  Document  20  covers  five  (5)  different  options,  of  which  none  were  used  for 
the  prototype.  Document  94  covers  eleven  (11)  different  options. 

Abstract:  This  document  contains  the  Bid  drawings  for  the  1995  Surface  Bypass  for  the  Wanapum 

Project.  The  approach  for  this  season  was  to  provide  a  prototype  which  could  be 
designed,  fabricated,  and  installed  in  the  available  time  frame;  and  be  flexible  enough 
for  future  modification. 

The  structural  steel  modules  are  anchored  to  the  face  of  the  piers  by  11/4"  Maxibolts. 

The  bypass  structure  was  designed  to  simulate  the  configuration  of  modules  along  the 
entire  powerhouse.  The  upstream  collection  channel  section  has  no  flow  through  the 
module  and  fish  are  prevented  from  entering  this  section  by  an  isolation  wall.  The 
entrance  slot  size  can  be  varied  from  8  feet  to  16-feet  wide  during  operations,  but  can  be 
fully  closed  for  unit  shutdown.  The  overall  height  of  the  opening  is  50  feet  with  three' 
(3)  lower  doors  which  are  15  feet  tall  and  one  (1)  upper  door  which  is  5  feet  tall.  The 
total  flow  entering  the  structure  is  1,400  cfs.  The  entrance  is  always  submerged,  which 
helps  keep  the  floating  trash  from  entering  the  structure. 

After  the  entrance  slot,  the  12-foot  wide  collection  channel  continues  for  90  feet.  At  this 
point,  a  coarse  trash  rack  is  provided  with  a  1-foot  bar  spacing.  The  sidewall 
dewatering  starts  approximately  70  feet  downstream  of  the  trashrack.  The  sidewalls 
converge  symmetrically  from  12-foot  wide  opening  to  a  5-foot  wide  opening.  The 
overall  length  of  the  dewatering  section  is  approximately  42  feet  long.  The  first  half 
of  the  floor  is  flat  and  the  second  half  is  sloped  upward  at  approximately  45  degrees. 
A  flow  of  500  cfs  enters  an  elongated  pipe  (5  ft  W  x  10  ft  H),  with  a  resulting  velocity  of 
about  11  fps. 

The  dewatering  structure  has  eighty  (80)  6.5  ft  x  7.5  ft  stainless  steel  perforated  plate 
panels  with  a  porosity  of  51  %.  The  last  four  (4)  panels,  just  prior  to  entering  the 
elongated  pipe,  have  a  reduced  porosity  of  32.6%.  It  should  be  noted  that  in  all  the 
structures  which  SWEC  and  NPW  inspected,  the  converging  side  dewatering 
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configuration  resulted  in  higher  normal  velocities  in  the  downstream  dewatering 
sections.  It  appears  that  the  reduced  porosity  addresses  this  situation. 

The  system  is  drafted  by  sixteen  (16)  axial  flow  blowers  ,  oriented  such  that  the  flow  is 
parallel  to  the  upstream  face  of  the  powerhouse.  The  normal  flow  through  fourteen 
operating  blowers  is  900  cfs.  Two  additional  blowers  are  for  back-up.  The  backside  of 
each  blower  is  covered  with  a  flap  gate  to  prevent  backflow  through  the  blower  if  it  is 
off-line. 

The  elongated  pipe  transitions  into  a  7.5  ft  0  pipe  which  penetrates  the  dam.  As  the 
pipe  passes  through  the  dam,  it  increases  to  8.0  ft  0  and  enters  a  emergency  shut-off 
knife  gate.  The  pipe  continues  at  the  same  elevation,  exits  the  dam,  and  is  routed 
toward  the  spillway  on  the  downstream  dam  face.  When  the  pipelines  centerline 
starts  to  drop,  the  pipe  diameter  decreases  to  7.5  ft.  The  pipeline  is  routed  along  the 
training  wall  between  the  trash  sluiceway  and  the  first  spillway  tainter  gate.  The 
outfall  is  21  feet  above  high  tailwater  and  35  feet  above  low  tailwater.  During  bypass 
operation,  both  the  trash  sluiceway  and  the  first  spillway  tainter  gates  are  open  to 
provide  higher  velocity  at  the  outfall. 

The  outfall  pipeline  is  fully  pressurized  and  the  discharge  is  controlled  by  a  modified 
knife  gate  near  the  downstream  end.  The  knife  gate's  lower  bonnet  is  filled  by  a  spring 
loaded  plate  which  slides  up  to  fill  the  invert  gate  leaf  slot  when  the  gate  is  open. 
This  filler  provides  a  smooth  surface  and  reduces  the  turbulence  when  the  gate  is 
partially  open.  When  the  pipeline  is  passing  500  cfs,  the  gate  is  open  31  inches.  Just 
upstream  of  the  control  knife  gate,  there  is  a  roof  deflector  to  reduce  the  dead  area 
which  would  occur  if  the  gate  is  partially  open. 

The  method  of  cleaning  the  sidewall  dewatering  screens  is  manual,  by  means  of  a  long 
handled  brush.  The  project  does  not  feel  there  is  enough  trash  at  the  site  to  justify  the 
additional  cost  of  a  mechanical  cleaning  system  at  this  time. 

Conclusions:  N  /  A 

Reference:  N/A 
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Reference/Title:  Hydraulics  of  a  New  Modular  Fish  Screen 

AuthorA^ocument  No.:  Cook,  T.C.,  E.P.  Taft,  G.E.  Hecker  and  C.W.  Sullivan 

Publication  Date:  Waterpower  '93 

Document  Contents 

Abstract:  To  prevent  fish  from  passing  through  turbines,  EPRI  has  developed  a  new  Modular 

Inclined  Screen  (MIS)  concept.  Various  laboratory  flow  facilities  have  been  used  to  test 
the  MIS  for  fish  screening  efficiency  and  flow  characteristics.  Data  from  these  tests 
show  high  fish  screening  efficiencies  and  favorable  hydraulics  for  a  wide  range  of 
approach  velocities. 

Text:  The  modular  design  provides  flexibility  for  application  at  many  types  of  intakes, 

particularly  for  those  plants  without  penstocks,  and  for  a  range  of  flows  by  varying  the 
number  of  modules.  It  is  being  designed  from  hydraulics  and  fisheries  viewpoints, 
which  has  resulted  in  a  device  which  limits  hydraulic  losses  while  not  harming  fish. 
This  paper  discusses  the  hydraulic  testing  conducted,  while  another  paper  discusses 
the  biological  test  results  (Winchell  et.  al.  1993). 

One  MIS  consists  of  a  streamlined  entrance  with  a  trash  rack,  dewatering  stoplog  slots, 
a  wedge-wire  screen  and  a  bypass  for  diverting  fish.  The  screen  is  a  plane  of 
commercially  available  50%  porosity  wedge-wire,  set  at  an  angle  of  10°  to  20°.  The 
screen  is  set  on  a  pivot  shaft  so  that  it  may  be  tilted  and  thus  cleaned  via  backflushing. 

Conclusions:  The  Modular  Inclined  Screen  (MIS)  has  favorable  hydraulic  characteristics,  and  may 

be  used  in  a  variety  of  approach  flow  orientations  and  flow  magnitudes  conditions  with 
consistent  results.  With  approach  velocities  ranging  from  2  to  10  fps,  the  normalized 
velocities  along  the  screen  face  are  nearly  constant,  and  fish  moving  along  the  screen 
would  not  experience  dramatic  velocity  changes.  Finally,  the  head  losses  created  with 
the  MIS  system  are  relatively  small. 

Reference:  Winchell,  F.,  S.  Amaral,  E.P.  Taft  and  C.W.  Sullivan.  1993.  "Biological  Evaluation  of 

a  Modular  Fish  Screen".  Waterpower  '93. 
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Biological  Evaluation  of  a  Modular  Fish  Screen 
Winchell,  F.,  S.  Amaral,  E.P.  Taft  and  CW.  Sullivan 
Waterpower  '93 


Docunjent^Contente 

Abstract:  The  Electric  Power  Research  Institute  (EPRI)  has  developed  and  is  presently  testing  a 

new  type  of  fish  diversion  screen  known  as  the  Modular  Inclined  Screen  (MIS).  The 
screen  is  designed  to  operate  at  high  water  velocities  (up  to  3  m/sec)  and  is,  therefore, 
significantly  more  compact  than  conventional  low  velocity  screening  systems.  A 
biological  evaluation  of  the  MIS  was  conducted  in  1992  with  juveniles  of  six  fish 
species:  bluegill,  walleye,  rainbow  trout,  channel  catfish  and  two  alosid  species  that 
were  tested  as  one  group.  The  results  of  this  laboratory  study  demonstrate  that  the  MIS 
has  excellent  potential  for  providing  effective  fish  protection  at  water  intakes. 

jgxt:  Clean  screen  fish  passage  tests  were  conducted  at  module  velocities  of  0.6,  1.2,  1.8  2.4 

and  3.0  m/sec.  Debris  tests  were  performed  at  these  same  velocities  with  the  exceptions 
of  0.6  and  3.0  m/  sec.  and  the  addition  of  0.4  m/  sec.  Debris  tests  were  conducted  to  assess 
the  ability  of  the  screen  to  be  cleaned  by  backflushing  and  to  determine  the  effect  of 
debris  accumulation  on  flow  conditions  and  fish  passage.  Pine  needles,  deciduous  leaves 
and  aquatic  vegetation  were  used  individually  in  three  separate  debris  tests  series. 

After  each  test  was  completed  the  screen  was  examined  to  determine  the  number  and 
location  of  all  fish  that  were  impinged.  If  possible,  impingements  were  removed  form 
the  screen  before  the  next  test  began.  Diversion  efficiency  was  calculated  as  the  ratio  of 
fish  collected  live  to  the  total  number  of  fish  collected  (i.e.,  live  and  dead  fish 
collected  from  the  net  pen  and  the  number  of  impingements  combined). 

Rotation  of  the  screen  for  brief  periods  (approximately  1  minute)  flushed  the  large 
majority  of  debris  from  the  screen  at  all  velocities.  The  head  loss  associated  with  this 
residual  debris  (above  that  measured  for  a  clean  screen)  ranged  from  0.3  cm  at  0.4  m/sec 
to  5.5  cm  at  2.4  m/  sec. 

Debris  tests  with  leaves  and  aquatic  vegetation  showed  that  the  relationship  between 
head  loss  and  fish  impingement  was  similar  for  all  debris  types  tested.  No 
impingements  occurred  at  3.0  cm  of  head  loss  and  only  minor  impingements  (<5% )  at  7.5 
cm.  At  greater  levels  of  head  loss,  impingements  rates  were  higher  for  tests  with 
leaves  and  aquatic  vegetation  than  tests  with  pine  needles. 
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Conclusions: 


Reference: 


The  results  of  the  biological  testing  clearly  demonstrate  that  the  MIS  can  effectively 
and  safely  diver  fish  to  a  bypass.  Impingement  and  latent  mortality  is  generally  low, 
even  at  approach  velocities  as  high  as  3.0  m/sec.  Also,  it  was  determined  that  debris 
can  be  effectively  removed  by  rotating  the  screen  for  backflushing  and  that  minor  levels 
of  debris  accumulation  have  little  effect  on  fish  passage.  The  biological  effectiveness 
that  has  been  demonstrated  to  date  combined  with  the  modular  design  of  the  screen 
system,  supports  the  conclusion  that  the  MIS  is  a  cost-effective,  viable  fish  protection 
technology. 

Cook,  T.C.,  E.P.  Taft,  G.E.  Hecker  and  CW.  Sullivan.  1993.  "Hydraulics  of  a  New 
Modular  Fish  Screen".  Waterpower  '93. 

Electric  Power  Research  Institute  (EPRI).  1992.  "Fish  Entrainment  and  Turbine 
Mortality  Review  and  Guidelines".  EPRI  Report  No.  TR-101231. 
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Research  Update  on  the  Eicher  Screen  at  Elwha  Dam 
Winchell,  F.,  N.  Taft,  T.  Cook  and  C.  Sullivan 
Waterpower  '93 


Document  Contents 


Introduction:  The  Electric  Power  Research  Institute  (EPRI)  conducted  two  years  of  biological 

evaluations  of  an  Eicher  Screen  installed  in  a  9-foot  diameter  penstock  at  the  Elwha 
Hydroelectric  Project  in  Washington  State.  Testing  has  shown  passage  survival  to 
equal  or  exceed  98.7%  for  steelhead  smolts,  coho  smolts,  chinook  smolts,  coho 
fingerlings  and  chinook  fingerlings.  Scale  loss  injuries  were  minimal  at  velocities  of  4 
-  6  fps,  but  increased  at  higher  velocities.  Most  injuries  occurred  from  the  fish 
contacting  the  screen  in  an  area  where  it  transitions  from  63%  porosity  to  32% 
porosity  wedge-wire  material,  where  the  velocity  component  perpendicular  to  the 
screen  was  relatively  high. 

Test  Results:  Test  results  showed  that  passage  survival  (diversion  efficiency  adjusted  for  96-hour 

survival)  equalled  or  exceeded  98.7%  for  all  three  species  of  smolts  tested.  Although 
the  facility  was  not  specifically  designed  to  pass  fish  smaller  than  smolts,  passage 
survival  exceeded  95.9%  for;  coho  fingerling  pre-smolts  (99.2%),  chinook  fingerling 
pre-smolts  (99.9%),  steelhead  fry  (97.1%)  and  coho  fry  (95.9%),  at  penstock  velocities 
less  than  7  fps.  Net  passage  survival  for  the  Elwha  Eicher  Screen  is  as  follows; 


Species/Size  Class 

Average 

Length 

Adjusted 

Diversion 

Efficiency 

Net 

4-Day 

Mortality 

Average 

Passage 

Survival 

Steelhead  smolts 

144mm 

99.6% 

0.2% 

99.4% 

Coho  smolts  1990 

135mm 

99.5% 

0.1% 

99.4% 

Coho  smolts  1991 

145mm 

98.7% 

0.0% 

98.7% 

Coho  juveniles 

102mm 

99.4% 

0.2% 

99.2% 

Chinook  smolts 

99mm 

99.7% 

0.9% 

98.8% 

Chinook  juveniles 

73mm 

99.9% 

0.0% 

99.9% 

Steelhead  fry 

52mm 

98.2% 

1.1% 

97.1% 

Coho  fry  All  data 

44mm 

96.1% 

4.7% 

91.6% 

Tests  <  7  fps 

98.0% 

2.1% 

95.9% 
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Conclusions: 


Results  obtained  at  Elwha  indicate  that  the  Eicher  Screen  can  divert  juvenile  and 
smolt-sized  salmonids  with  minimal  injury  at  penstock  velocities  of  up  to  7  fps. 
Descaling  injuries,  particularly  for  salmon  and  steelhead  smolts,  could  result  in 
mortality  as  velocities  increase  beyond  this  range.  The  results  of  the  hydraulic 
model  studies  suggest  that  the  velocity  could  be  increased  by  approximately  10%  if  a 
more  graduated  porosity  configuration  were  used. 

The  relatively  limited  test  series  conducted  with  fry-sized  fish  indicate  that 
passage  survival  rates  exceeding  95%  can  be  achieved  for  fish  in  the  40  -  50  mm  range 
at  velocities  up  to  7  fps. 

Testing  conducted  at  different  bypass  flows  indicate  that  the  velocity  approaching 
the  bypass  should  be  a  minimum  of  90%  of  the  penstock  velocity.  Impingement  could 
become  a  problem  if  bypass  velocities  are  substantially  lower.  Bypass  velocities 
higher  than  the  penstock  velocity  did  not  show  an  appreciable  effect  on  the  test 
results. 
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Reference/Title:  Design  of  Fishways  and  Other  Fish  Facilities 

Author/Document  No.:  Clay,  Charles  H.  ,  ISBN  1-56670-111-2 

Publication  Date:  1995 


Contents: 


Chapter  1 
Chapter  2 
Chapter  3 
Chapter  4 
Chapter  5 
Chapter  6 
Chapter  7 
Addendum 
Appendix  A 
Appendix  B 


Fishways  -  General 
Fishways  at  Natural  Obstructions 
Fishways  at  Dams 
Fish  Locks  and  Fish  Elevators 
Fences  (or  Weirs)  and  Barrier  Dams 
Protection  for  Downstream  Migrants 
Fish  Passage  Through  Road  Culverts 
Various 

Elementary  Hydraulics 

Glossary  of  Common  Names  of  Fish  Used 


Abstract:  The  first  edition  of  the  "Design  of  Fishways  and  Other  Fish  Facilities"  was  published 

in  1961.  The  second  edition  reflects  the  authors  experience  in  Canada,  Holland,  Yukon, 
United  States,  Newfoundland,  Europe,  Japan  and  Africa.  This  source  provides  good 
general  background  and  design  information  on  fishways  and  adult  barriers. 


The  chapter  on  "Protection  for  Downstream  Migrants"  is  general  in  nature  and 
documents  the  items  of  interest,  methods  of  protection  and  the  sites  where  they  are 
employed.  The  chapter  offers  a  good  introduction  on  protection  of  downstream 
migrants,  little  detailed  information  on  facility  design. 


Conclusions:  Information  provided  is  consistent  with  the  design  criteria  imposed  by  the  National 

Marine  Fisheries  Service  (NMFS).  The  overview  nature  of  the  text  is  a  good  soiuce  for 
the  "Big  Pictiue".  For  design  purposes,  the  designer  should  refer  to  other  sources 
covered  in  the  Literature  Search. 


Reference:  n/a 
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Reference/Title:  Debris  Removal  From  a  Low-Velocity,  Inclined  Fish  Screen 

Author/Document  No.:  Locher,  F.A.,  P.J.  Ryan,  V.C  Bird  and  P.  Steiner 

Publication  Date:  Waterpower  '93 

Docuinent_Contenfe 

Abstract:  An  air  backwash  system  for  the  Potter  Valley  Intake  Inclining  Horizontal  Fish  Screen 

Facility  was  developed  through  testing  of  a  prototype  section  of  the  screen  in  a  test 
flume  located  at  the  project  site.  Effects  of  sparger  pipe  spacing,  sparger  hole 
configuration,  duration  of  the  air  burst  and  types  of  debris  were  investigated.  The  test 
program  and  development  of  the  final  configuration  of  the  sparger  system  are  described 
in  this  paper. 

Conclusions:  An  air  backwash  system  will  satisfactorily  remove  debris  from  the  Inclined  Fish  Screen 

Facihty  proposed  for  the  Potter  Valley  Intake. 

The  orientation  of  the  wedge  wires  had  a  significant  effect  on  the  design  of  the  sparger 
system.  Three  rows  of  holes  were  required  to  provide  the  jetting  action  necessary  to 
clean  the  screen. 

Most  of  the  debris  removal  takes  place  in  the  first  few  seconds.  A  three-second  air  burst 
was  found  to  be  the  most  effective. 

An  initial  pressure  of  100  psig  or  greater  provided  the  most  satisfactory  cleaning  action. 

Successive  operation  of  the  screen  panels  from  upstream  to  downstream  effectively 
removed  the  debris  from  the  screen  and  screen  chamber. 

Reference:  Otl,  R.F.  and  Jarrett,  D.P.,  "Air-Burst  Cleaning  System  for  the  Twin  Falls 

Hydroelectric  Project",  Proceedings  Northwest  Hydroelectric  Association,  Portland, 
Oregon,  Jan.  1992. 
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Reference/Title: 

Revised  Juvenile  Fish  Screening  Criteria 

Author/Document  No.: 

National  Marine  Fisheries  Service  (NMFS)  -  Northwest  R^ion 

Publication  Date: 

Fehruary/March  1995 

Document  Contents: 

I. 

General  Considerations 

n. 

General  Procedural  Guidelines 

in. 

Screen  Criteria  for  Juvenile  Salmonids 

A.  Structure  Placement 

B.  Approach  Velocity 

C.  Sweeping  Velocity 

D.  Screen  Face  Material 

E.  Civil  Works  and  Structural  Features 

F.  Bypass  Layout 

G.  Bypass  Entrance 

H.  Bypass  Conduit  Design 

I.  Bypass  Outfall 

J.  Operations  and  Maintenance 

K.  Modifled  Criteria  for  Small  Screens  (Diversion  Flow  Less 
Than  25  cfs) 


Objectives:  Revised  criteria  for  design  of  juvenile  fish  screening  facilities  including: 

•  Combining  screen  and  bypass  criteria  into  single  document. 

•  Revised  screen  face  material  criteria. 

•  Metric  units  added. 

•  Small  screen  (<25  cfs)  section  added. 

•  Reference  to  "Experimental  Fish  Guidance  Devices"  position  paper. 


Summary  of  Findings: 

Section  I:  General  Considerations 

•  Guidelines  apply  to  hydroelectric,  irrigation,  and  other  water  withdrawal  projects  with  site-specific 
waivers  or  modifications  considered  for  extenuating  circumstances. 

•  NMFS  may  require  additional  investigations  at  sites  where  site-specific  variables  are  poorly  defined. 
Section  H:  General  Procedural  Guidelines 


All  designs  must  reflect  NMFS  design  criteria  and  input,  be  acceptable  to  NMFS,  properly  function 
through  the  full  range  of  hydraulic  conditions,  and  account  for  debris  and  sedimentation  conditions. 


Section  III:  Screen  Criteria  for  Juvenile  Salmonids 


Structure  Placement: 

-  In  rivers,  desirable  for  screen  face  parallel  to  river  flow. 

-  In  rivers,  desirable  for  screen  location  at  intake  or  have  return  transportation  facilities. 

-  In  reservoirs,  desirable  for  intake  location  offshore  with  allowable  approach  velocities. 

-  In  reservoirs,  screened  intake  diversion  should  provide  most  appropriate  juvenile  attraction  and  water 
temperature. 

Approach  Velocity: 

-  Limited  to  0.4  fps  for  salmonid  fry  (less  than  60  mm  in  length)  assumed  present  at  all  sites. 

-  Limited  to  0.8  fps  for  salmonid  fingerlings  (60  mm  and  longer). 

-  Required  uniform  flow  distribution  over  the  entire  screen  area. 

Sweeping  Velocity: 

-  Required  to  be  greater  than  approach  velocity. 

-  Screen  angle  less  than  45  degrees  relative  to  flow. 

Screen  Face  Material: 

-  Salmonid  fry  assumed  present  at  all  sites  unless  proven  otherwise  requiring  the  following  screen 
material  criteria: 

Maximum  perforated  plate  openings  of  3/32  or  0.0938  inches  (2.38  mm). 

Maximum  bar  screen  openings  of  0.0689  inches  (1.75  mm). 

Maximum  woven  wire  screen  openings  of  3/32  or  0.0938  inches  (2.38  mm)  in  the  narrowest 
direction. 

-  If  salmonid  fry  are  proven  to  be  absence  from  site,  the  following  screen  material  criteria  may  be 
used: 

Maximum  perforated  plate  openings  of  1/4  or  0.25  inches  (6.35  mm). 

Maximum  bar  screen  openings  of  1/4  or  0.25  inches  (6.35  mm). 

Maximum  woven  wire  screen  openings  of  1/4  or  0.25  inches  (6,35  mm)  in  the  narrowest 
direction. 

Civil  Works  and  Structural  Features: 

-  Screen  surfaces  shall  be  placed  flush  with  adjacent  screen  bay,  pier  noses,  and  walls. 

“  Screens  shall  be  protected  from  large  debris. 

-  Screen  surfaces  shall  be  constructed  at  an  angle  to  the  incoming  flow. 

-  Features  designed  to  eliminate  undesirable  hydraulic  effects. 

Bypass  Layout: 

-  Geometry  such  that  out-migrating  juveniles  pass  through  the  system  without  delay  and  with  access  for 
cleaning. 
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•  Bypass  Entrance: 

-  Each  entrance  must  have  independent  hydraulic  control,  ambient  lighting  available,  and  accelerating 
velocity  into  bypass  to  minimize  delay. 

•  Bypass  Conduit  Design: 

-  Smooth  surfaces  and  joints  required  with  minimal  turbulence. 

-  No  pumping,  free-fall,  negative  pressure,  or  sharp  bends  are  allowed. 

-  Design  to  minimize  debris  clogging  and  sediment  deposition. 

-  No  closure  valve  allowed  without  special  approval. 

-  Minimum  depth  of  0.75  feet  and  no  hydraulic  jump  allowed. 

•  Bypass  Outfall: 

-  Outfall  in  ambient  river  velocities  greater  than  4  ^s. 

-  Minimize  predation  potential. 

-  Maximum  outfall  velocity  shall  be  less  than  25  fps, 

-  Design  to  avoid  adult  attraction. 

•  Operations  and  Maintenance: 

-  Automatically  cleaned  as  necessaiy. 

-  Head  differential  to  trigger  cleaning  shall  be  maximum  of  0. 1  feet. 

•  Modified  Criteria  for  Small  Screens: 

-  Screens  <  4  feet  long  may  be  vertical. 

-  Screens  >4  feet  long  must  be  flatter  than  45  degrees. 

-  Drum  screens  shall  be  submerged  75  % . 
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Reference/Title:  Wanapum  Attraction  Flow  Fish  Bypass  System 

Author/Document  No.:  Sverdrup  Corporation 

Publication  Date:  April  11, 1995 

Background:  There  are  two  other  significant  documents  available  on  the  Wanapum  Bypass, 

Document  20  (1993)  and  21  (1994),  which  are  summarized  in  Summary  No.  7  and  8, 
respectively.  Document  20  covers  five  (5)  different  options,  of  which  none  were  used  for 
the  prototype.  Document  21  is  the  Bid  Drawings  for  the  existing  prototype. 

Abstract:  This  document  contains  eleven  (11)  different  options  for  the  Wanapum  Attraction  Flow 

Fish  Bypass.  The  approach  taken  for  all  the  options  are  different  from  the  prototype, 
they  are  further  development  of  the  concepts  from  the  1993  document. 

The  proposed  method  of  cleaning  is  manual,  by  means  of  a  long  handled  brush.  The 
project  does  not  feel  there  is  enough  trash  at  the  site  to  justify  a  mechanical  cleaning 
system. 

Ogtiorn^PumgedModule 

Each  attraction  module  cover  two  (2)  turbine  units  with  a  total  of  five  (5)  modules.  The 
attraction  flows  are  1,400  cfs  per  module,  dewatered  to  60  cfs  and  collected  into  a 
common  manifold.  The  resulting  300  cfs  is  discharged  to  the  existing  8-foot  diameter 
outfall. 

The  dewatering  screens  are  an  inclined  floor  screen  and  a  converging  wall  screen  on  the 
downstream  side.  The  drafting  of  the  screens  are  driven  by  four  (4)  blowers  per  turbine 
inlet  bay,  with  a  total  of  twenty  four  (24)  blowers  per  module.  There  is  a  potential  of 
reversing  the  blowers  for  backwashing  the  screens  through  the  outfall. 

Ogtion_2^^Venturi^odijles 

Option  2  is  similar  to  Option  1  except  the  dewatering  is  drafted  by  a  "venturi"  opening 
and  control  gate. 

Ogtion^^Continuou^PumgedChannel 

Option  3  is  similar  to  Option  1  except  there  is  no  collection  manifold.  The  dewatering 
occurs  in  two  steps,  primary  and  secondary.  At  the  start  of  the  system  1,400  cfs  is 
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collected  at  Unit  1  and  dewatered  to  by  blowers  to  660  cfs.  The  660  cfs  passes  in  front  of 
Unit  2  and  3  via  a  transport  channel  and  is  further  dewatered.  At  Unit  3  an  additional 
1,400  cfs  is  added  to  system,  is  dewatered  to  660  cfs,  and  joins  the  flows  from  Unit  1.  The 
pattern  continues  for  three  (3)  more  modules  with  340  cfs  going  to  the  existing  outfall. 

Option  4  -  Continuous  Gravity  Channel 

Option  4  is  similar  to  Option  3  except  the  dewatering  is  drafted  by  the  Unit  12  Bay, 
which  is  a  block-out  for  a  future  unit.  The  flow  is  controlled  by  valves  in  the  intake 
gate  slot. 

Option  5  -  Single  Unit  Venturi  Module 

Option  5  is  similar  to  Option  2  except  there  is  one  module  per  unit  and  the  flow  into 
each  module  is  700  cfs.  The  width  of  the  entrance  slot  and  the  channel  is  one  half  of 
Option  2. 

Option  6  -  Two-Slot  Module 

Option  6  is  similar  to  Option  1  except  there  are  two  variable  inlet  slots  per  module. 
The  unit  can  be  adjusted  such  that  the  mid-slot  can  be  closed  and  the  end  slot  area  can  be 
doubled  in  width.  The  inclined  floor  screen  for  the  first  slot  is  limited  to  a  10-foot 
reach  in  the  mid-module.  The  bulk  of  the  dewatering  screen  is  located  in  the  second 
half  of  the  module. 

Option  7  &  7A  -  Gravity  Discharee 

Option  7  &  7A  are  similar  to  Option  1  except  the  dewatering  (6,700  cfs)  is  drafted  by 
Unit  12  (Option  7)  or  the  Spillway  (Option  7A). 

Option  8  -  Three  (3)  Intake  Trap  Channel 

Each  attraction  module  covers  one  unit.  The  flow  passes  through  a  contraction  zone 
which  increases  the  velocity  to  approximately  9.0  fps.  This  zone  acts  as  a  velocity 
barrier  which  resist  the  juveniles  from  returning  to  the  headwater.  The  dewatering  is 
achieved  in  the  second  half  of  the  module  using  wall  screens  drafted  by  the  turbines. 
The  bypass  water  is  collected  by  three  separate  inlets  at  different  depths,  collected  in 
a  common  manifold,  and  discharged  into  the  existing  outfall. 

Option  9  -  Open  Channel  Venturi  Modules 

The  attraction  module  covers  two  units.  The  dewatering  is  from  an  inclined  floor  screen 
and  a  wall  screen  on  the  upstream  side,  and  is  drafted  by  the  turbines.  The  bypass  flow 
is  controlled  by  an  adjustable  ogee  weir  which  outlets  in  a  common  open  bypass  flume, 
and  discharges  into  the  existing  outfall. 
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Conclusions: 


Reference: 


Ontion  10  fe  10A  -  Multiple  Slots  with  Mined  or  Forebav  Collection  Galley 

The  attraction  module  covers  one  bay.  The  dewatering  is  from  a  45°  inclined  floor 
screen  per  module  and  is  drafted  by  the  turbines.  There  is  one  bypass  inlet  per  unit  bay 
(three  (3)  bays  per  unit)  which  is  collected  in  a  common  manifold,  and  discharges  into 
the  existing  outfall. 

For  this  option  the  total  attraction  flow  is  14,000  cfs,  with  a  flow  of  467  cfs  per  bay. 
The  collection  manifold  is  mined  downstream  of  the  trashrack  (Option  10)  or  is  mounted 
on  the  piers  in  the  forebay  (Option  lOA). 

Option  11  -  Spillway  Discharge  without  Dewatering 

Each  attraction  module  covers  two  units.  The  attraction  flows  from  each  module  (1,400 
cfs)  are  combined  with  the  next  module.  The  combined  flow  of  7,000  cfs  is  discharged 
through  the  spillway,  this  option  has  no  dewatering  This  system  is  similar  to  that 
being  developed  by  the  USAGE  for  Lower  Granite  Lock  and  Dam. 


The  eleven  Options  utilize  several  basic  approaches  to  surface  bypass  and  dewatering. 
The  modules  cover  two  units,  one  unit  or  one  bay.  The  method  of  drafting  the 
dewatering  structure  is  a  forced  system  with  blowers  into  the  turbine  intake,  a  venturi 
system  with  control  structures  into  the  turbine  intake,  a  controlled  outlet  into  Unit  12,  or 
through  the  spillway. 

In  all  cases,  other  than  Option  11,  the  bypass  flows  are  routed  to  the  existing  outfall.  It 
should  be  noted  that  the  outfall  is  fully  pressurized  and  is  controlled  by  a  knife  gate  at 
the  discharge  point.  This  approach  deviates  from  the  current  criteria,  as  does  Lower 
Granite,  but  was  accepted  by  the  agencies  since  it  was  demonstrated  by  model  studies 
that  there  was  no  harm  done  to  the  juveniles. 

In  most  of  the  Options,  the  bypass  flows  are  collected  in  a  common  manifold  and  routed 
to  the  outfall.  Two  of  the  Options  (3  &  4)  utilize  a  continuous  channel  with  primary 
and  secondary  dewatering.  In  Option  9  there  is  a  collection  flume  for  the  bypass  flows. 
The  following  matrix  provides  a  breakdown  of  the  specific  approaches  and  how  they 
apply  to  each  Option. 
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Fish  Diversion  Techniques  for  Hydroelectric  Turbine  Intakes 
Canadian  Electric  Association  149  G  339 
January  1984 


Document  Contents:  Part  1  Introduction 

Part  2  Review  of  Fish  Protective  Methods 
Part  3  Canadian  Perspective 

Part  4  Summary  of  Practical  or  Promising  Techniques 


Objectives:  To  review  available  screening  (l^gely  Canadian  and  American)  techniques  or 

screening  alternatives  and  evaluate  then  in  terms  of  their  effectiveness  in  preventing 
fish  entry  into  turbine  intakes 

To  identify  specific  screening  research  areas  that  should  be  addressed  to  improve  fish 
passage  at  Canadian  hydroelectric  projects. 

Results:  Six  fish  diversionary  techniques  were  identified  as  practical  or  promising.  These 

included  submersible  traveling  screens,  Eicher  pressure  screens,  horizontal  fixed 
screens,  inclined  plane  screens,  louvers,  and  surface  discharge.  They  note  that 
submersible  traveling  screens  (gatewell  screens)  were  undergoing  extensive  research 
on  the  Columbia  system  and  did  not  warrant  additional  Canadian  research.  The 
Eicher  screen  (high  velocity  screen),  the  inclined  plane  screen,  and  fixed  screens  (both 
horizontal  and  vertical)  were  potentially  high  efficiency  concepts  that  might  warrant 
research  development.  Louvers  and  surface  discharges  were  identified  as  variable 
efficiency  concepts  that  likewise  warranted  further  research. 

It  is  noted  that  when  the  study  was  conducted,  screening  of  hydroelectric  turbine 
intakes  to  prevent  fish  entrainment  was  not  conunon  in  Canada  and  was  not  justified 
except  on  rivers  supporting  valuable  runs  of  migratory  fishes. 

Citing  personal  communications  with  A.V.  Holden  and  E.  Twomey,  evaluations  in 
Scotland  and  Ireland  have  shown  that  delayed  smolt  passage  from  forebays  results  in 
substantial  predation  which  was  believed  to  cause  greater  losses  than  those  inflected 
by  turbine  passage,  [pp.  2-14] 
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Three  facilities  are  cited  that  have  effectively  used  surface  bypass  with  Atlantic 
salmon  smolt.  Farwell  (1972)  describes  two  hydroelectric  installation  on  the  Exploits 
River  in  Newfoundland,  one  having  a  surface  bypass  and  one  without.  Observations 
indicate  that  smolt  migrating  close  to  the  surface  were  attracted  to  the  funneling  of  the 
surface  flow  towards  a  gate  located  at  the  downstream  end  of  the  forebay  which 
greatly  expedited  passage.  Likewise  two  floating  skimmers  are  described  that 
effective  guide  Atlantic  salmon  smolt  to  surface  bypasses  (Semple,  1979  and  Resource 
Development  Branch,  1975).  [pp.2-31  to  2-33] 

Dewatering  Findings 

Although  this  document  reviews  both  Canadian  and  American  installations,  its 
uniqueness  lies  in  its  wider  presentation  of  Canadian  experience.  Presentations  on 
American  installations  basically  reiterates  information  presented  in  the  EPRI 
documents.  As  a  consequence  this  summary  concentrates  on  details  on  Canadian 
installations. 

The  fish  diversion  systems  described  and  evaluated  in  this  document  include; 
revolving  drum  screens,  inclined  plane  screens,  vertical  traveling  screens,  horizontal 
traveling  screens,  vertical  fixed  screens,  horizontal  fixed  screens,  Eicher  screens, 
Finnigan  screens,  and  louvers. 

Velocity  and  screen  opening  size  criteria  is  discussed.  Clay  (1961)  recommends  that 
for  protection  of  newly  emerged  salmon  fry  approach  velocities  should  be  limited  to 
12  cm/s  (0.37  ft/s)  and  recommends  maximum  approach  velocities  on  30.5  cm/s  (1.0 
ft/s)  for  smolt  of  80  mm  or  more  in  length.  TTie  approach  velocities  developed  by 
Clay  (1961)  were  derived  from  experimental  cruising  speed  data  obtained  for  various 
species  of  Pacific  salmonid  from  field  experience.  Blaxter  (1969)  presents  a  review  of 
research  on  fish  swimming  speeds  and  provides  experimental  results  on  several 
freshwater  and  marine  species.  He  concludes  that  most  species  can  maintain  cruising 
speeds  of  between  2  and  3  body  lengths  per  second  but  that  salmonids  and  clupeids 
can  probably  maintain  speeds  of  4  body  lengths  per  second  or  more.  The  report  notes 
that  the  12  cm/s  velocity  criteria  was  derived  to  protect  salmon  fry  from  impingement 
in  flows  at  right  angles  to  a  wire  mesh.  The  idea  was  that  fry  could  swim  at  this  rate 
for  10  minutes,  during  which  time  fry  would  find  a  bypass  to  one  side  of  the  screen. 
The  benefit  of  sweeping  velocities  was  not  considered.  Clay  (1961),  based  on 
experimental  tests  and  field  monitoring  recommends  wire  screen  with  square  openings 
with  a  side  length  of  2.5  mm  for  newly  emerged  salmon  fry,  3.1  mm  for  larger 
salmon  fry,  3.8  mm  for  50  mm  long  fingerlings  and  20  mm  for  yearlings  or  smolts  90 
-  150  mm  long.  [pp.  2-3  and  4-5] 

Kupka  (1966)  describes  successful  use  of  an  inclined  plane  screen.  The  screen  used 
on  the  intake  to  Robertson  Creek  Channel  in  British  Columbia  was  cleaned  by  a 
continuous  chain  of  pliable  blushes.  It  is  suggested  that  inclined  plane  screen 
technology  could  be  improved  by  identifying  species  and  life  stage  specific  screening 
materials.  Ipp.2-8  to  2-9  and  4-10] 
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Both  horizontal  and  vertical  fixed  screens  (similar  to  floor  and  wall  screens  in 
dewatering  facilities)  are  described  as  being  effective  at  sites  in  particular  where 
suspended  debris  is  negligible.  Fixed  screens  have  been  used  at  small  hydroelectric 
plants  in  Europe  and  Eastern  Canada  to  prevent  fish  entry  into  turbine  intakes.  Clay 
(1961)  notes  Aat  a  simple  fixed  screen  installation  has  been  effective  at  a  small 
thermal-electric  generating  plant  on  the  Fraser  River  at  Port  Mann,  British  Columbia. 
Likewise  the  Fish  and  Wildlife  Branch  of  the  B.C.  Department  of  Environment  uses 
fixed  horizontal  screens  to  sample  downstream  migrating  salmonids  in  natural  streams 
and  to  excluding  fish  from  irrigation  withdrawals.  They  have  found  the  fixed 
horizontal  screens  to  be  self  cleaning  under  most  conditions.  The  screens  are 
typically  installed  in  a  sweeping  velocity  field.  The  horizontal  screens  offer  the 
benefit  of  being  fully  submerged  which  maintains  the  full  screen  area  in  active 
filtration  even  in  relatively  shallow  water.  The  Finnigan  screen  is  a  fixed  horizontal 
screen  that  is  cleaned  by  paddle  wheel  powered  brushes.  Slaney  (1977)  reported  that 
salmonid  fry  avoid  the  screens  and  that  95  to  99%  of  migrating  salmonid  fry  passed 
over  large-aperture  horizontal  screens,  the  dimensions  of  which  would  allow  fry  to 
pass  through,  [pp.2-14  to  2-16  and  4-8] 

V-arrangement  louvers  have  been  used  in  the  diversion  canal  of  the  Ruth  Falls  power 
plant  on  the  East  River,  Sheet  Harbour,  Nova  Scotia.  A  similar  arrangement  has  also 
been  used  at  Robertson  Creek  in  British  Columbia.  The  Ruth  Falls  facility  was 
evaluated  and  found  to  be  85%  efficient  with  exclusion  of  Atlantic  Salmon  (Ducharme 
pers.  comm.).  Louvers  are  recommended  in  particular  for  sites  with  relatively  high 
^proach  velocities,  uniform  flow,  and  relatively  shallow  depths  (such  as  on  power 
canals).  They  are  recommended  particularly  where  large  flows  are  involved. 
Development  of  louvers  that  screen  only  the  surface  flow  is  proposed,  [pp.  2-23  to  2- 
27  and  4-10  to  4-13] 
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Reference/Title:  Qogging,  Cleaning,  and  Corrosion  Study  of  Possible  Fish  Screens  for  the 

Proposed  Peripheral  Canal 
Author/Document  No.:  Smith,  Lawrence  W. 

Publication  Date:  September  1982 

Document  Contents 


Introduction:  The  intake  to  the  proposed  canal  offers  several  challenges  for  fish  screen  design.  The 
maximum  diverted  flow  is  large  -  21,800  cfs.  Fish  must  be  excluded  from  the  canal  and 
returned  to  the  river  without  direct  mortality  or  undue  fatigue,  injury  or  delay. 

Conclusions:  Comparing  screens  of  similar  fish  screening  efficiency,  woven  wire  mesh  took  about  one 

and  one  half  times  longer  to  clog  than  perforated  plate  and  welded  wedge-wore  slotted 
screen  took  about  three  times  longer  to  clog  than  perforated  plate.  A  positive 
correlation  found  between  river  flows  and  screen  clogging  rates  can  be  used  to  predict 
required  cleaning  frequency. 

Cleaning  tests  indicated  all  screens  can  be  cleaned  with  water  jet  spray  or  wiper  brush. 
The  most  effective  was  water  spray  with  the  screen  out  of  the  water.  When  the 
Sacramento  River  is  flowing  at  75,000  cfs,  perforated  plate  may  have  to  be  cleaned  as 
often  as  every  hour  and  wedge-wire  as  often  as  every  5.3  hours  to  maintain  screen  head 
loss  at  less  than  0.2  feet  with  a  design  approach  velocity  of  0.2  fps. 

Perforated  plate  and  welded  wedge-wire  screens  made  of  type  304  stainless  steel  had 
no  measurable  corrosion  after  being  submerged  in  the  river  for  four  years. 


Reference:  Smith,  L.W.  and  D.A.  Ferguson,  1979,  "Progress  Report  on  Clogging,  Cleaning,  and 

Corrosion  Studies  of  Possible  Fish  Screens  for  the  Proposed  Peripheral  Canal", 
California  Department  of  Water  Resources  for  the  Inter-agency  Ecological  Study 
Program  for  the  Sacramento-San  Joaquin  Estuary. 
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Reference/Title:  Some  Design  Considerations  for  Approach  Velocities  at  Juvenile  Salmonid 

Screening  Facilities 

Author/Document  No.:  Pearce,  R.O.  and  R.T.  Lee 

Publication  Date:  American  Fisheries  Society  Symposium  10:237-248, 1991 

Docuinent_COTiten|te 

Abstract:  The  size,  and  therefore  the  cost,  of  screening  facilities  required  at  water  diversion  sites 

is  primarily  determined  by  the  allowable  approach  velocity  of  water  at  the  screen 
mesh.  General  screening  criteria  established  by  fisheries  agencies  specify  maximum 
approach  velocities.  In  addition  to  biological  factors,  proper  attention  must  be  given  to 
engineering  factors  including  uniform  velocity  distribution  at  the  screen  facility. 
Providing  basic  screen  facility  hydraulics  necessary  for  effective  fish  protection 
requires  careful  attention  to  channel  configuration  and  frequently  involves  use  of  baffles 
and  training  walls  to  control  direction  of  flow  and  magnitude  of  velocity. 

Text:  Agency  developed  approach  velocity  criteria  based  on  two  size  groups  of  fish;  fry  (<  60 

mm  in  length)  and  fingerling  (s  60  mm  in  length),  are  listed  below: 


Agency  (Department) 

Approach  Velocity  (fps)  ® 

b  c 

Fry  Fingerlings 

d 

Transport  Velocity  (fps) 

NMFS 

<0.4 

£0.8 

Greater  than  approach  velocity 

California  (Fish  &  Game) 

S  0.33® 

Same  as  Fry 

Min.  twice  the  approach  velocity 

Oregon  (Fish  &  Wildlife) 

^0.5 

£1.0 

Approach  velocity  or  greater 

Washington  (Fisheries) 

^0.4 

£0.8 

Approach  velocity  or  greater 

Alaska  (Fish  &  Game) 

<0.5 

Same  as  Fry 

No  criterion 

Idaho  (Fish  &  Game) 

S0.5 

£0.5 

Sufficient  to  avoid  injuiy  to  fish 

Montana  (Fish,  Wildlife  &  Parks) 

^0.5 

£1.0 

No  criterion 

^  Velocity  component  perpendicular  to  and  approximately  3  inches  in  front  of  screen  face. 

^  Fish  less  than  2.36  inches  (60  mm)  long. 

^  Fish  2.36  inches  (60  mm)  or  longer. 

^  Theoretical  velocity  vector  along  and  parallel  to  the  screen  face;  also  called  sweeping  velocity. 
^  For  continuously  cleaned  screens,  ^  0.0825  for  intermittently  cleaned  screens. 
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Conclusions: 


Reference: 


The  angle  of  approach  flow,  required  screen  area  and  uniform  flow  distribution  are  all 
equally  important  engineering  and  design  considerations  for  the  design  of  any  screening 
facilit}^  Nonuniform  flow  through  screen  sections  caused  by  vaiynng  headlosses  are 
determined  by  screen  geometry,  scale  effects  and  the  screen  orientation  with  respect  to 
the  direction  of  flow. 

Review  of  numerous  fish  screen  designs  for  both  proposed  and  existing  facilities  shows 
that  a  common  design  flaw  is  poor  flow  conditions  in  the  critical  area  immediately 
upstream  of  the  screen  face.  Both  the  magnitude  and  direction  of  water  velocities  must 
be  controlled  within  prescribed  limits  to  assure  that  fish  are  not  impinged  upon  the 
screen  and  are  quickly  guided  by  the  flow  pattern  to  a  bypass.  Channel  configurations 
both  upstream  and  downstream  of  the  screen  mesh  must  provide  smooth  transitions, 
preventing  eddies  and  other  areas  of  nonuniform  velocities.  Careful  hydraulic 
analysis,  including  physical  modeling  when  appropriate,  can  provide  desired  flow 
conditions  with  minimum  associated  head  loss.  Providing  flow  vanes  upstream  of  the 
screen  or  baffles  immediately  downstream  of  the  screen  (or  both)  at  facilities  where 
poor  flow  patterns  cause  passage  problems  can  frequently  rectify  damaging  situations  at 
minimal  cost. 

Stefan,  H.  and  A.  Fu.  1978.  "Headloss  Characteristics  of  Six  Profile  Wire  Screen 
Panels."  University  of  Minnesota,  St.  Anthony  Falls  Hydraulic  Laboratory,  St. 
Anthony  Falls. 
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Reference/Title:  Hydraulic  Model  Evaluation  of  the  Eicher  Passive  Pressure  Screen  Fish 

Bypass  System 
Author/Document  No.:  EPRI AP-5492 

Publication  Date:  October  1987 


Document  Contents:  Section  1 

Introduction 

Section  2 

Hydraulic  Description  and  Test  Procedures 

Section  3 

Results 

Section  4 

Discussion 

Section  5 

Conclusions 

Section  6 

Recommendations  for  Further  Study 

Section  7 

References 

Appendix  A 

Hydraulic  Data  Used  in  Model  Evaluation 

Appendix  B 

Fish  Behavior  During  Test  Sequences 

Appendix  C 

Hydromer  Coating 

Appendix  D 

A  Generic  Evaluation  Procedure  to  Assess  the  Effects  of  a 
Passive  Pressure  Penstock  Screen  in  Prototype 

Objectives:  To  conduct  laboratory  tests  of  the  Eicher  fish  screen  under  a  variety  of  conditions 

and  to  determine  any  fish  mortality,  descaling  and  impingement. 

Approach:  In  initial  tests,  researchers  installed  a  stainless  steel  wedgewire  screen  measuring  6 

X  92  in.  in  a  Plexiglas  conduit.  They  measured  velocity  profiles  and  pressure  at 
several  locations  along  the  conduit  to  evaluate  the  screen's  hydraulic  performance. 
The  team  then  brought  hatchery  fish  to  the  lab,  holding  them  72  hours  to  ensure  a 
healthy  stock.  They  released  the  fish  into  the  model  upstream  of  the  screen, 
simulating  conditions  at  a  turbine  inlet.  Systematically  changing  the  screen  angle, 
flow  velocity,  and  other  variables,  the  team  used  a  video  camera  to  record  fish 
travel  through  the  model,  thus  monitoring  any  contact  with  the  screen.  They  then 
collected  the  fish,  evaluated  them  for  scale  damage,  and  held  them  72  hours  for 
delayed  mortalities. 

Results:  All  species  and  sizes  of  fish  passed  successfully  through  the  system  at  three  screen 

angles  -  10.5,  16.5  and  30  -  when  test  section  velocity  exceeded  5  fps  and  bypass 
velocity  exceeded  the  test  section  velocity  by  20%.  Impingement  occurred  at 
velocities  set  below  4  fps.  Of  the  599  fish  that  contacted  the  screen,  only  two  lost 
scales.  There  was  no  delayed  mortality. 
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Dewatering  Findings 


Satisfactory  fish  passage  resulted  when  using  10.5,  16.5  and  30  degree  angled  parallel  bar  wedgewire 
screen  with  appropriate  magnitude  and  ratio  of  bypass  to  test  section  velocities. 

Impingement  could  be  predictably  produced  or  avoided  with  all  fish  species  tested  by  varying  the 
magnitude  and  proportion  of  test  section  and  bypass  velocities.  Impingement  generally  occurred  when 
the  bypass  velocity  was  less  than  the  test  section  velocity,  especially  when  the  latter  was  less  than  4 
fps. 

Any  possible  impingement  at  the  downstream  end  of  the  screen  can  be  eliminated  by  reducing  the  screen 
porosity  of  the  last  18  inches  of  screen  length  or  by  increasing  the  bypass  and/or  test  section  velocity. 

Parallel  bar  wedgewire  screen  manufactured  by  Johnson  and  Hendrick  screen  companies  both  performed 
satisfactorily  with  respect  to  fish  passage.  One  type  of  perforated  plate  received  limited  evaluation 
and  appeared  to  perform  similarly  for  fish,  but  debris  accumulation  was  noticeably  greater. 

The  velocity  vector  component  perpendicular  to  the  screen  (Vn)  is  not  a  factor  of  significance  with 
respect  to  fish  passage  through  a  range  of  approximately  0.5  to  3.0  fps  if  test  section  velocities  are 
maintained  above  5  fps. 

Individuals  of  all  salmonid  fish  species  and  lengths  tested,  passed  through  the  screened  model  most 
effectively  when  water  velocity  through  the  conduit  was  greater  than  6  fps  and  bypass  velocity 
exceeded  this  by  at  least  20%. 

No  72  hour  delayed  mortality  was  observed  for  any  of  the  fish  which  passed  through  the  model  during 
various  test  treatments. 

The  decreased  velocity  which  occurs  within  the  boundary  layer  one  inch  from  the  test  section's  top  and 
sides  is  significant  at  low  test  section  velocities  and  explains  why  most  impingement  occurs  first  along 
the  edges  of  the  screen. 

References:  N/A 
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PROJECT;  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.04 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME; 

10;00  AM 

DATE;  6/22/95 

FROM; 

Perry  Johnson 

of 

SWEC  (303)  741-7117 

TO; 

George  Heise 

of 

Cal.  Dept  of  Fish  and  Game  (916)  653-2189 

TOPIC; 

Use  of  Perforated  Plate  in  Fish  Screens 

DISCUSSION;  Johnson  asked  Heise  about  his  experience  with  use  of  perforated  plate  as  a 
primary  screen  fabric.  Heise  said  that  the  California  Department  of  Fish  and  Game  is  using  1/8 
inch  aluminum  perforated  plate  with  5/32  holes  on  7/32  centers  (staggered).  This  material  has 
approximately  a  46%  open  area.  He  said  for  screens  designed  to  California’s  fry  velocity 
criteria  (0.33  ft/s  approach  velocity)  with  an  effective  cleaner,  the  perforated  plate  is  as 
functional  (minimal  fish  impingement  with  good  cleaning)  as  wedge-wire.  He  said  that  the  only 
reason  he  might  prefer  wedge-wire  is  that  he  perceives  wedge-wire  to  be  a  flatter  material  with 
better  quality  control.  Heise  said  that  if  water  quality  is  acceptable,  California  Fish  and  Game 
has  found  that  plate  life  should  be  in  excess  of  ten  years. 


ACTION  REQUIRED;  None 
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PROJECT:  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.04 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME: 

9:00  AM 

DATE:  6/26/95 

FROM: 

Perry  Johnson 

of 

SWEC 

(303)  741-7117 

TO: 

Steve  Rainey 

of 

NMFS 

(503)  230-5418 

TOPIC: 

Use  of  Perforated  Plate  in  Fish  Screens 

DISCUSSION:  Johnson  asked  Rainey  about  the  performance  of  perforated  plate  in  screen 
structures  designed  to  the  NMFS  juvenile  fry  criteria.  Rainey  said  that  they  have  gone  to  the 
more  conservative  screen  opening  size  criteria  based  on  observations  at  Dryden  where  6  to  7% 
entrainment  was  seen  using  wedge-wire  with  1/8  inch  slot  width.  Also  studies  conducted  at  a 
Cowlitz  hatchery  showed  perforated  plate  with  3/32  openings  to  perform  well.  Rainey  noted  that 
with  a  good  cleaner,  perforated  plate  should  function  as  well  as  wedge-wire.  He  said  that  he 
would  prefer  stainless  steel  perforated  plate  and  questioned  the  service  life  of  aluminum.  He 
feels  that  perforated  plate,  depending  on  how  installed,  can  supply  as  flat  and  smooth  a  screen 
surface  as  wedge-wire.  Rainey  noted  that  he  has  seen  very  rough  wedge-wire  installations. 
Johnson  noted  that  the  perforated  plate  used  with  the  surface  collector  at  Rocky  Reach  does  not 
comply  with  the  current  NMFS  criteria.  Rainey  noted  that  the  design  was  developed  prior  to 
the  release  of  the  current  criteria.  Rainey  said  that  variances  from  the  current  criteria  might  be 
allowed  if  it  can  be  documented  that  the  screens  will  not  encounter  fry  smaller  than  50  mm  in 


ACTION  REQUIRED:  None 


COPIES  TO: 
R.  Dulin 
R.  Gelle 


Project  Task  No. 
Project  File 


length.  He  noted  that  perforated  plate  typically  has  a  smaller  percentage  of  open  area  than 
wedge-wire.  As  a  consequence,  with  fouling,  head  losses  will  increase  more  quickly  (perforated 
plate  tends  to  be  more  sensitive  to  fouling).  He  said  however  that  a  bigger  issue  is  recognizing 
the  type  of  debris,  and  selecting  screen  materials  that  handle  that  debris  well. 


ACTION  REQUIRED;  None 
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PROJECT;  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.02 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME; 

10:00  AM 

DATE;  6/16/95 

FROM; 

Perry  Johnson 

of 

SWEC  (303)  741-7117 

TO: 

Tony  Norris 

of 

Portland  District  COE  (503)  326-6405 

TOPIC;  Green  Peter  Dam  Fish  Collector  Dewatering  Facility 


DISCUSSION;  Johnson  was  referred  from  John  Ferguson  to  Ted  Edmister  to  Tony  Norris  in 
pursuing  this  information  (Rock  Peters  was  not  available).  The  Green  Peter  collector  and 
dewatering  facility  has  been  operating  since  1967.  The  dewatering  facility  reduces  a  flow  of  200 
cfs  to  a  bypass  flow  of  approximately  10  cfs.  The  dewatering  facility  uses  a  circular  bar  screen 
(bars  oriented  parallel  to  the  flow)  as  its  primary  element.  Porosity  control  is  provided  with  a 
perforated  plate  backing.  The  facility  was  developed  through  use  of  a  hydraulic  model  study. 
Details  on  the  criteria  that  the  dewatering  facility  was  designed  to  are  not  readily  available. 
Norris  did  not  possess  operational  information  including  information  on  the  fishery,  fish 
exclusion  effectiveness,  and  cleaning  methods  and  characteristics.  Johnson  was  referred  back 
to  Rock  Peters  for  this  information.  Rock  Peters  (503)  326-6484  will  return  to  the  Portland 
Office  on  June  26. 


ACTION  REQUIRED;  None 
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PROJECT:  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.02 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME:  9:00  AM  DATE:  6/12/95 

FROM:  Perry  Johnson  of  SWEC  (303)741-7117 

TO:  Steve  Rainey  of  NMFS  (503)  230-5418 

TOPIC:  Conformation  of  Fish  Screen  Design  Criteria 


DISCUSSION: 


In  response  to  a  review  comment  on  the  draft  Functional  Design  Criteria,  Johnson  called  Rainey 
and  asked  if  the  Juvenile  Screening  Criteria  Revised  February  16,  1995  is  current.  Rainey  said 
that  it  was  and  said  that  some  Corps  offices  may  have  not  yet  received  that  revised  criteria. 
Rainey  said  that  variances  on  the  criteria  have  been  allowed  at  some  mainstem  sites  based  on 
thorough  fisheries  surveys. 


ACTION  REQUIRED:  None 
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PROJECT:  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.02 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME: 

10:00  AM 

DATE:  5/23/95 

FROM: 

Perry  Johnson 

of 

SWEC  (303)741-7117 

TO: 

Ken  Bates 

of 

Washington  Dept  of  F  &  W  (206)  902-2545 

TOPIC: 

Surface  Collector  Dewatering  Criteria 

DISCUSSION:  The  State  of  Washington  generally  accepts  the  NMFS  juvenile  fish  screen 
criteria  of  February  16,  1995.  The  state  defaults  to  the  fry  criteria  unless  absence  of  fry  and 
lack  of  adverse  temperature  conditions  is  verified.  With  respect  to  high  velocity  screens,  Bates 
said  that  the  state  considers  the  Eicher/MIS  screen  concepts  as  being  developmental.  Dewatering 
concepts  using  high  velocity  screens  would  require  rigorous  development  and  verification  as 
outlined  in  the  NMFS  position  paper  of  January  1995  on  experimental  technology. 


ACTION  REQUIRED:  None 
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J.O.  NO.  05570.02 


PROJECT:  USAGE,  WALLA  WALLA  DISTRICT 
DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME: 

10:30  AM 

DATE:  5/22/95 

FROM: 

Perry  Johnson 

of 

SWEC  (303)  741-7117 

TO: 

Steve  Pettit 

of 

Idaho  Dept.  Fish  and  Game  (208)  799-3475 

TOPIC: 

Surface  Collector  Dewatering  Criteria. 

DISCUSSION:  Pettit  confirmed  the  State  of  Idaho’s  support  for  the  NMFS  Juvenile  Fish 
Screen  Criteria  of  February  16,  1995.  Pettit  cautioned  that  the  states  and  tribes  want  surface 
collectors  designed  with  the  flexibility  that  juveniles  could  be  passed  either  by  spill  or  diverted 
to  a  bypass  conduit.  It  is  felt  that  direct  passage  over  the  spillways  eliminates  point  source 
predation  and  minimizes  fish  contact  with  transport  structures. 


ACTION  REQUIRED:  None 
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PROJECT;  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.02 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME: 

10:30  AM 

DATE;  5/15/95 

FROM; 

Perry  Johnson 

of 

SWEC 

(303)  741-7117 

TO: 

Hugh  Smith 

of 

BC  Hydro 

(604)  528-7811 

TOPIC; 

BC  Hydro  Fish  Screening  Activities 

DISCUSSION:  A  two  year  evaluation  of  the  Puntledge  screens  is  complete.  The  screens, 
which  were  designed  for  37  mm  Chinook  fry  have  been  very  effective.  Total  mortalities  (initial 
plus  96  hour  delayed)  associated  with  80-110  mm  Coho  passage  are  less  than  0.2  percent.  Total 
mortalities  for  28  mm  Chum  fry  were  3.5  percent.  The  screens  operate  with  a  resultant 
approach  velocity  of  6.0  ft/s.  The  screens  are  back  flushed  on  a  four  hour  cycle.  Fish  losses 
associated  with  back  flush  are  estimated  at  1.25  percent.  Mortalities  associated  with  turbine 
passage  have  been  evaluated  at  58  percent.  The  cleaning  cycle  might  be  lengthened  (fouling 
generated  head  losses  are  small).  To  minimize  potential  concern  with  negative  pressure 
development  in  the  woodstave  penstock,  the  conservative  cleaning  frequency  is  being  maintained. 
The  screens  are  cleaned  once  a  year  using  high  pressure  spray.  Both  the  penstock  and  the  under 
side  of  the  screen  have  been  colonized  by  blackfly  larvae.  The  colonization  does  not  effect  head 
loss.  BC  Hydro  is  considering  use  of  modular  inclined  screens  at  additional  sites.  In  general 
out  migrant  screening  and  guidance  is  not  a  concern  in  that  most  of  their  structures  are  above 
the  extent  of  the  anadromous  runs. 


ACTION  REQUIRED:  None 
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PROJECT;  USAGE,  WALLA  WALLA  DISTRICT  J.O.  NO.  05570.02 

DEWATERING  SYSTEM  FIELD 
INVESTIGATION 


NOTES  OF  TELEPHONE  CONVERSATION 
STONE  &  WEBSTER  ENGINEERING  CORPORATION 


TIME; 

9:30  AM 

DATE;  5/15/95 

FROM; 

Perry  Johnson 

of 

SWEC 

(303)  741-7117 

TO: 

Berry  Chillibeck 

of 

Canadian  Department  of  Fisheries  (604)  666-3765 

TOPIC: 

Canadian  Fish  Screening  Activities 

DISCUSSION:  Chillibeck  said  that  he  is  very  happy  with  the  performance  of  the  Puntledge 
Eicher  Screens.  Efficiencies  have  been  well  above  99%  with  delayed  mortalities  well  below  1  % 
(see  the  discussion  with  Hugh  Smith  for  more  detail).  He  said  that  even  though  the  screen  has 
proven  effective,  the  Department  of  Fisheries  still  considers  the  concept  developmental  and 
would  require  that  any  new  proposed  installations  be  physically  model  studied.  Detailed 
performance  evaluations  would  also  be  required.  Design  criteria  for  new  installations  would  be 
tailored  to  the  site  specific  fishery.  He  said  that  he  and  Chris  Katopodis  are  currently  working 
at  development  of  nation  wide  design  criteria  (screening  opening  size  and  velocity).  The  criteria 
will  be  species  and  size  specific.  Site  specific  criteria  could  be  developed  through  use  of 
swimming  studies.  General  criteria  will  be  established  based  on  the  conservative  envelope  of 
existing  data.  This  criteria  will  be  released  to  the  public  by  late  summer  or  early  fall  1995. 


ACTION  REQUIRED;  None 
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TIME;  9;00  AM 


DATE;  5/15/95 


FROM;  Perry  Johnson  of  SWEC  (303)741-7117 

TO;  Chuck  Sullivan  of  Electric  Power  Research  Institute  (EPRI) 

(415)  855-8948 

TOPIC;  Current  EPRI  Fish  Screening  Activities 


DISCUSSION;  Chuck  said  that  current  EPRI  screening  activities  are  centered  around  the  Green 
Island  Modular  Inclined  Screen  (MIS)  installation  on  the  Hudson  River  NY.  This  is  a 
collaborative  study  with  Niagara  Mohawk  Power,  The  screen  module  has  been  fabricated  and 
will  be  installed  in  the  next  few  weeks.  A  shake  down  and  evaluation  with  resident  species  will 
follow.  The  blueback  herring  run,  which  is  of  particular  concern,  occurs  in  October  and 
November.  They  are  hoping  for  a  good  run  this  year  to  obtain  a  rigorous  evaluation.  Chuck 
said  that  he  had  not  talked  with  Hugh  Smith  (BC  Hydro)  about  Puntledge  since  August  of  1994, 
At  that  time  BC  Hydro  was  very  happy  with  how  the  screens  were  performing. 


ACTION  REQUIRED;  None 
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TIME: 

11:00  AM 

DATE:  May  11,  1995 

FROM: 

Steve  Townsley 

of 

SWEC  (303)  741-7067 

TO: 

Mark  Summers 

of 

USAGE  -  NPW  (509)  527-7603 

TOPIC: 

Structural  Design  Criteria  for  Surface  Collection  Structure 

DISCUSSION:  Mark  is  the  Lead  Structural  Engineer  for  the  USAGE  NPW  District  design  of 
the  surface  collection  structure  which  is  being  designed  as  a  floating  structure.  I  called  to 
inquire  about  design  criteria  for  their  designs. 


Mark  said  they  do  not  have  a  design  criteria  document  containing  the  information  that  I 
requested  which  included  loading  conditions,  safety  factors,  allowable  stresses,  and  design 
manuals/codes  that  are  being  used.  He  passed  on  general  information  over  the  phone. 

The  loading  conditions  are  being  evaluated  individually  and  in  numerous  combinations  are; 
Powerhouse  unit  startup 
Powerhouse  unit  shutdown  (waterhammer) 

Wind  and  wave 
Turbine  flows 

The  structural  design  code  being  used  is  the  American  Institute  of  Steel  Construction  (AISC) 
Manual  of  Steel  Construction  using  either  the  Allowable  Stress  Design  (ASD)  method  or  the 
Load  and  Resistance  Factor  Design  (LRFD)  method.  The  USAGE  "Design  of  HydrauUc  Steel 
Structures,  EM-1 110-2-2105"  is  not  being  used  since  this  is  a  prototype  structure.  He  said  that 


the  factors  in  this  manual  may  not  be  used  in  the  final  surface  bypass  structure  design  either 
since  the  factors  were  intended  to  provide  for  unknowns. 

In  response  to  my  question,  Mark  said  they  were  asked  to  design  a  floating  structure  versus  a 
fixed  structure.  He  thought  the  reasoning  for  that  was  to  provide  room  for  cleaning  the 
trashracks.  He  said  their  design  will  have  horizontal  struts  mounted  to  the  structure  at  both  high 
and  low  points.  These  struts  wiU  connect  to  some  type  of  rail  system  mounted  on  the  face  of 
the  sloped  piers  allowing  the  structure  elevation  to  vary,  remain  plumb,  and  remain  a  set 
distance  from  the  piers.  He  said  they  considered  a  frame  system  mounted  on  the  piers  with 
vertical  slots  for  the  structure  to  track  in,  but  the  lateral  loads  appeared  too  high  to  handle 
without  lateral  bracing  between  each  pier.  This  lateral  bracing  would  interfere  with  trashrack 
cleaning  equipment  so  they  selected  the  strut  method  instead. 

In  responsed  to  my  question,  Mark  said  the  60-foot  deep  structure  was  a  nominal  depth  and  was 
not  intended  to  be  a  hydraulic  depth.  I  informed  him  that  Lynn  Reese’s  notes  for  design  criteria 
list  a  60  feet  by  20  feet  flow  area.  He  said  this  will  not  be  the  case  with  the  structure  that  they 
are  designing.  He  thought  that  the  range  of  flow  depths  would  be  from  about  54  feet  to  about 
58  feet  depending  on  the  actual  weight  of  the  system. 

I  told  Mark  I  would  be  in  touch  with  him  with  further  questions  and  that  I  did  not  need  loading 
conditions  with  specific  magnitudes  at  this  time. 
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TIME: 

10:00  AM 

DATE: 

5/11/95 

FROM: 

Perry  Johnson 

of 

SWEC  (303)  741-7117 

TO: 

Chris  Katopodis 

of 

Canadian  Department  of  Fisheries  and 

Freshwater  Institute,  Winnipeg  Manitoba 

983-5181 

Oceans, 

(204) 

TOPIC: 

Recent  Canadian  Fish  Exclusion  Experience 

DISCUSSION:  Chris  said  that  Canada  has  no  standard  national  screening  criteria  or 
performance  philosophy.  Criteria  and  accepted  screening  techniques  tend  to  vary  by  region. 
Currently  in  Eastern  Canada  louvers  are  popular.  In  Western  Canada,  success  with  the  Eicher 
screens  at  Puntledge  has  generate  broad  interest  in  high  velocity  screens  (Eicher  and  MIS).  It 
appears  likely  that  the  Canadian  Department  of  Fisheries  and  Oceans  will  accept  high  velocity 
screens  (specific  velocity  and  screen  criteria  are  not  yet  defined)  as  a  standard  screening 
technique.  Chris  said  that  the  Freshwater  Institute  is  currently  developing  screening  guidelines 
for  small  deliveries.  Following  this  document,  parallel  documents  for  canal  structures  and  for 
large  hydro  applications  will  be  prepared.  The  hydro  document  should  be  available  in  two  to 
three  years. 


ACTION  REQUIRED:  Send  information  on  the  Rocky  Reach  and  Wanapum  prototype  surface 
collectors. 
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TIME: 

8:00  AM 

DATE:  4/11/95 

FROM: 

Richard  Dulin 

of 

SWEC 

(303)  741-7568 

TO: 

Steve  Rainey 

of 

NMFS 

(503)  230-5418 

TOPIC 

Current  Fish  Screening  Design  Criteria  Applications 

DISCUSSION: 

SWEC  reviewed  the  current  NMFS  Fish  Screening  Design  Criteria  and  noted  that 
the  Criteria  would  not  be  met  by  the  use  of  a  Modular  Inclined  Screen  (MIS)  or  an 
Eicher  Screen.  Steve  conctirred  that  the  current  criteria  does  not  address  "high 
velocity"  screens  because  they  are  considered  "developmental".  Steve  did  indicate 
that  the  use  of  a  MIS  for  dewatering  applications  woiild  be  considered,  but  the 
Agencies  would  prefer  the  use  of  more  traditional  screening  methods.  However, 
Steve  indicated  that  a  MIS  may  be  the  optimum  configuration  due  to  the  large 
volume  of  water  to  be  handled. 

The  method  of  cleaning  the  screen  was  discussed  and  Steve  had  serious  reservations 
on  inverting  the  screen  to  remove  debris,  since  this  would  allow  fish  to  pass 
through  the  system  rather  than  being  bypassed.  Other  methods  of  cleaning  such  as 
air  burst,  water  jets,  or  brushes  could  work  as  well,  without  the  loss  of  some  fish. 


ACTION  REQUIRED:  None 
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TIME: 

2:00  PM 

DATE:  3/6/95 

FROM: 

Richard  Dulin 

of 

SWEC 

(303)  741-7568 

TO: 

Steve  Brown 

of 

Grant  PUD 

(509)  754-3541 

TOPIC 

Wanapum  Surface  Flow  Bypass  System 

DISCUSSION: 


SWEC  inquired  why  the  Bid  Drawings  Designs  are  significantly  different  than  the 
"Surface  Flow  Attraction  Alternative"  December  3,  1993  Draft  Report.  Steve  stated 
that  the  concepts  developed  therein  would  be  too  complex  to  have  a  working 
prototype  in  the  river  by  Spring  of  1995.  The  prototype  which  is  now  installed 
utilized  many  of  the  concepts  developed  in  the  Draft  Report,  but  focused  on  what 
could  be  done  in  the  available  window.  By  the  end  of  this  year,  there  will  be  a 
Performance  Test  Report  on  the  1995  operations  which  wiU  cover  both  operations 
and  the  design  concepts.  Steve  will  provide  a  copy  of  the  a  current  revision  of  the 
1993  Report  for  otu*  information. 

SWEC  has  been  reviewing  the  Bid  Drawings  and  noted  that  there  is  no  automated 
cleaning  system  for  the  dewatering  area.  Steve  indicated  that  the  normal  cleaning 
will  be  done  manually  with  a  brush  moimted  on  a  long  handle.  If  required,  the 
blowers  can  be  turned  around  to  backwash  the  perforated  plate. 


ACTION  REQUIRED:  None 
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TIME: 

8:00  AM 

DATE:  3/4/95 

FROM: 

Richard  Dulin  of 

SWEC 

(303)  741-7568 

TO: 

Steve  Rainey  of 

NMFS 

(503)  230-5418 

TOPIC 

Current  Fish  Screening  Design  Criteria 

DISCUSSION: 


SWEC  requested  of  NMFS  to  provide  the  current  Design  Criteria  on  screening  of  fry 
and  fingerlings  for  dewatering  systems  on  all  projects.  Steve  indicated  that  the 
criteria  which  has  been  in  place  since  1989  has  been  recently  updated  and  he  will 
provide  a  copy  of  the  criteria. 

SWEC  inquired  as  to  the  reasons  for  the  wholesale  switching  from  mesh  screens  to 
wedge  wire  bar  screens.  Steve  indicated  that  a  study  was  done  in  California  of  the 
performance  of  mesh  screens,  perforated  plate  and  wedge  wire  bar  screens.  This 
study  concluded  that  the  wedge  wire  bar  screens  out  performed  the  other  two 
medium  in  both  self  cleaning  and  produced  less  damage  to  the  fish.  Steve  will 
provide  a  paper  which  addresses  these  issues. 


ACTION  REQUIRED:  None 
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